PUNCHED CARD DATA PROCESSING 



PUNCHED CARD DATA PROCESSING 



JOSEPH LEVY 

International Business Machines Corporation 

Account Representative 

Data Processing Division 

Nassau Community College, Evening Division 



McGRAW-HILL BOOK COMPANY 
New York San Francisco Toronto London Sydney 



PUNCHED CARD DATA PROCESSING 



Copyright 1967 by Joseph Levy. All Rights Reserved. 
Printed in the United States of America. No part of this 
publication may be reproduced, stored in a retrieval system, 
or transmitted, in any form or by any means, electronic, 
mechanical, photocopying, recording, or otherwise, without 
the prior written permission of the publisher. Library 
of Congress Catalog Card Number 67-29394, 



37386 



1234567890HDBP75432 106987 



This book is dedicated to my wife and my mother 



FOREWORD 



For a long time there has been a need for one comprehensive textbook cov- 
ering punched card equipment and basic data processing. 

Mr. Levy's book, "Punched Card Data Processing, " adequately fills this need 
and should be a very valuable aid to the student of this subject. He places each 
topic in its proper perspective and presents it very logically in a step-by-step 
treatment of both theory and application. 

Despite Mr. Levy's obvious technological background, he manages to set 
forth his explanations in layman's language. He establishes problems, discusses 
how to solve them, and leads the reader to a clear understanding of machine func- 
tions and problem solving. 

Among the many vivid and meaningful illustrations to be found in this book* 
are machine schematics, simple electromechanical drawings, control-panel 
wiring diagrams, and arithmetic examples to explain how each machine functions. 

Mr. Levy has also included practice problems and questions designed to re- 
inforce the student's knowledge and to extend his thinking. 

While the book will have great meaning for new students, it should also be 
valuable to those who are already familiar with these machines. The extent to 
which Mr. Levy delves into the technical aspects of each machine might be quite 
illuminating to those who already know the "how" but not the "why." 

And finally, any person involved in the intricate business of business should 
find the book very helpful in learning how to apply machines to business problems. 
Mr. Levy draws extensively upon both his technical knowledge and business ex- 
perience, and his book contains many testiments thereto. 



Lemuel Jones 

International Business Machines Corporation 

Data Processing Division 

Newark Education Center 
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PREFACE 



The text of this book is divided into ten sections. The first section deals 
with the IBM* punched card, the Hollerith Code of punched holes, and the 
means of representing data in the form of punched holes. 

The second section concerns the IBM Key Punch. This machine is the 
primary device for coding information from a document into the IBM punched 
card. 

The third section describes the IBM 82 Sorter. The Sorter's fimction is 
to arrange IBM punched cards in a logical sequence by individual cards or by 
groups of cards. 

The fourth section covers some basic principles applied to all the control- 
panel machines, control-panel hubs, connecting wires, and diagramming con- 
ventions. 

The fifth section is devoted to describing the 548 Interpreter. The Inter- 
preter is able to read the punched holes and printthelr graphic representation 
on the face of the card. 

The sixth section deals with the IBM 514 Reproducing Punch. The Re- 
producing Punch can reproduce all or certain punches from a card or cards 
into another card or cards. 

The seventh section covers the IBM 85 Collator, a filing machine that ar- 
ranges cards Into a predetermined pattern for subsequent processing. 

The eighth section describes the 402 Accounting Machine. This machine 
is capable of producing a variety of reports as the result of arithmetic cal- 
culations or directly from the information punched in the card. 

The ninth section explains the 557 Alphabetic Interpreter which performs 
the same functions as the 548 Interpreter features that enable It to accom- 
plish many other operations, such as the posting of ledgers. 

The tenth and final section describes the 519 Document-Originating Mach- 
ine which not only performs the same functions as the 514 Reproducing Punch 
but also has the ability to perform end printing of data punched in the card or 
to end print data that are punched in another card. 

It is suggested that the problems be done as they are encountered and that 
every aspect of this book be understood before continuing, since any confu- 
sion will cause difficulties in learning the succeeding functions. Blank wiring 
diagrams appear at the back of the book. 

At the beginning of each section dealing with a wired machine, the first 
diagram is that of the machine's control panel. The shaded areas represent 
special-feature hubs. 

Portions of the text and some of the diagrams and photographs contained 
in this volume are reprinted with the permission of Ihternatlonal Business 
Machines Corporation. 

This book is an outgrowth of the author's experience as an evening instruc- 
tor at Nassau Community College and should not be taken as an official IBM 
publication. 

The author would like to acknowledge the assistance of the following 
people in the preparation of this text: James McGrath, Assistant Dean of 
New York City Community College; Dr. Melvin Morgenstein, Chairman 
and faculty member of the Business Department at Nassau Community Col- 
lege; Professor Charles Barta of the Business Department at Suffolk Com- 
munity College; and Charles and Katherine Bovino. 

* Registered Trademark of International Business Machines. 
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PREFACE 



In the event that the student wishes to examine any of the concepts con- 
tained in this volume in greater detail, reference may be made to the follow- 
ing IBM manuals (with copyright dates noted) which also contain the diagrams 
and photographs used herein. 



TITLE 

IBM Operator's Guide 

IBM Functional Wiring Procedures 

An Introduction to IBM Punched Card Data 
Processing 

An Introduction to IBM Data Processing 
Systems 

The IBM Card and Its Preparation 

The IBM Sorter 

IBM 24 Card Punch, 26 Printing Card Punch 

IBM 82, 83 and 84 Systems 

IBM 548, 552 Interpreters 

IBM 513, 514 Reproducing Punches 

The IBM Reproducer 

Automatic Punches 

Collators 

IBM 85 and 87 Collators 

402, 403 and 419 Accounting Machines 

Basic Machine Operation Education Guide 

Functional Wiring Principles Education Guide 

IBM 557 Alphabetic Interpreter 

IBM 519 Document- Originating Machine 

557 Alphabetic Interpreter Examination 

519 Document-Originating Machine Examination 



FORM NUMBER 



A24-1010-0 


(1951) 


A24-1007-0 


(1956) 


F20-0074-0 




F22-6517-2 


(1960) 


320-1443 


(1961) 


320-1444 


(1961) 


A24-0520-1 


(1949) 


A24-1034-2 


(1949) 


224-6384-2 


(1946) 


A24-1002-2 


(1945) 


320-1445 


(1961) 


D24-1014-0 


(1959) 


D24-1012-0 


(1959) 


A24-1005-2 


(1958) 


A24-5654-0 


(1949) 


R25-1612-2 


(1964) 


R25-1077-3 


(1964) 


A24-0516-1 


(1954) 


A24-1017-1 


(1946) 


229-0178-1 


(1964) 


R29-0168-0 


(1964) 



CONTENTS 



Foreword vii 

Preface ix 

Section 1 The IBM Punched Card 

Section 2 The Key Punch 

Section 3 The 82 Sorter 

Section 4 Basic Principles of Wiring 

Section 5 The 548 Interpreter 

Section 6 The 514 Reproducing Punch 

Section 7 The 85 Collator 

Section 8 The 402 Accounting Machine 

Section 9 The 557 Alphabetic Interpreter 

Section 10 The 519 Document-Originating Machine 

Glossary 201 

Index 205 

Blank Wiring Diagrams for Use With Problems 213 



1 

5 

13 

21 

25 

37 

63 

99 

153 

181 



XI 



1 



Section . 
THE IBM PUNCHED CARD 



The processing of data has been in ex- 
istence since man first had the ability to 
record transactions (Fig. 1-1). The first 
mechanical means available were key-driven 
machines that can be seen today, such as 
the typewriter, cash register, and adding 
machine. These machines had the advan- 
tages of legibility, accuracy, and some de- 
gree of standardization. Also, no extensive 
training was required to operate these ma- 
chines. Yet these machines still had disad- 
vantages. Since there were no mechanical 
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Punched Card Accounting 
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Data Processing System 

Fig. 1-1. Data processing systems 
(Courtesy of International 
Business Machines. ) 



checking facilities, there was still the pos- 
sibility of machine errors or human errors 
and, more important, there were no com- 
mon media between machines, thereby ne- 
cessitating a duplication of effort. The type- 
writer cannot read the paper tapes from the 
adding machine or the cash register, just 
as the cash register and adding machine are 
not able to read the typewritten forms. This 
deficiency was resolved when the IBM Cor- 
poration introduced punched card business 
machines which had the common medium of 
the IBM punched card. They have the fol- 
lowing advantages: 

1. Once the transaction is accurately 
recorded, subsequent reports usu- 
ally will be correct. 

2. Mechanical classification of cards 
permits transmission of data to many 
reports without attendant posting. 

3 . The compatible feature of the punched 
card can be used on many specialized 
machines, some of which can trans- 
mit data over telephone lines. 

4. The machines have preprogrammed 
decision-making capabilities. 

5. Many machines provide incorpora- 
tion of checking features without re- 
duction of speed. 

6. A growth in volume can be accommo- 
dated by obtaining a faster model of 
the machine, adding features, or ac- 
quiring additional machines without 
affecting the overall system. 
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The punched card Is 7-3/8 in. by 3-1/4 in. 
by 0. 007 in. It consists of 80 vertical col- 
umns numbered 1 to 80 from left to right. 
Each of the 80 columns is divided into 12 
punching rows. From top to bottom these 
rows are numbered 12, 11, 0, 1, 2, 3, 4, 5, 
6, 7, 8, 9. The 12, 11, and rows are re- 
ferred to as zone-punching positions. TheO 
to 9 rows are referred to as digit- punching 
positions. Notice that the can be either a 
zone or digit position. The cards are fed 
into the machines either 12 edge first or 9 
edge first, face up (the printed side of the 
card Is the face), or face down. 

Some cards have corner cuts. These 
cuts have no effect on the machines; their 
only function is to enable you to see visually 
that the cards are properly aligned. 

Some cards are colored or have colored 
stripes which permit easy visual recogni- 
tion by the operator. Different types of 
cards may have different colors. For ex- 
ample, a name and address card may have 
a red stripe, while an accounts receivable 
card may have a blue stripe, and an accounts 
payable card may have a yellow stripe. 

HOLLERITH CODE 

The card is known as a unit record be- 
cause the card is read or punched as a unit 



of information. The data is represented in 
the card by a code of punched holes called 
the Hollerith Code. These holes enable the 
data to be converted automatically to elec- 
tronic language used by the machine. A code 
is a means of representing alphameric char- 
acters or special symbols such as *, $, ., 
or , . (The Morse Code is an example of a 
means of representing characters to enable 
mechanical devices to recognize the charac- 
ter.) The machines recognize the charac- 
ters by allowing electric current to flow from 
a magnetized roller to a metal reading brush 
whenever there is a hole in the card column. 
At other times, the card acts as an insula- 
tor (Fig. 4-1). The Hollerith Code allows 
representation of a digit, an alphabetic 
character, or a special symbol in any of 
the 80 card columns. 

The digits to 9 are represented by a 
punch in the corresponding row. The specific 
card columns used would depend on the card 
design and the type of data represented. 

The representation of analphabetic char- 
acter requires two punches in a card col- 
umn. To code the letters A to I requires a 
punch in the 12 -zone row plus a digit punch 
of 1 to 9. A is coded as a 12 and 1 punch, 
B as 12 and 2, C as 12 and 3, and so on, 
until I which is 12 and 9. Since we have ex- 
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Fig. 1-2. IBM card containing the Hollerith Code 

(Courtesy of International Business Machines. ) 
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hausted the digit rows, we now use a differ- 
ent zone row for the letters J to R. They 
are coded with an 11-row punch plus a 1 to 
9 punch. For example, the letter J is Hand 
1 punches, K is 11 and 2, and so on, until 
R which is 11 and 9. To represent S to Z, 
we use the row plus the digit rows 2 to 9. 
You will notice that this time we start with 
the 2 row and not the 1 row. The letter S 
is a combination of and 2; the letter Z is 
a combination of and 9 . The entire Hollerith 
coding is shown in Fig. 1-2. The holes in 
the card can be interpreted and the graphic 
representation of the punches printed in the 
card. 

PROBLEM 1: Show how the telephone num- 
ber JE 6-6809 would look punched in a 
card. 

CARD CODES 

There are other types of codes used when 
working with IBM punched cards. We use 
codes to represent datathatwould take many 
card columns. For example, instead of 
having to use several card columns to repre- 
sent the different states, we could code each 
of the 50 states with a two-digit number. By 
assigning two card columns to be used for 
states, we could code a maximum of 100 
states (00 to 99). There are many examples 
of such codes: 

1. An employee's I.D. number instead 
of his entire name. 

2. A student's I.D. number instead of 
his entire name. 

3. An item number in lieu of an item 
description. 

There are four primary reasons for us- 
ing these codes. First, they save keypunch- 
ing time; second, they enable better utiliza- 
tion of the 80 available card columns; third, 
they save sorting time, as youwill see later, 
and fourth, they conserve printing space in 
producing reports. 

Another type of code commonly encoun- 
tered is a card code. Most installations use 
several different cards such as name and ad- 
dress cards, accounts receivable cards, 
accounts payable cards, and item cards. 
We can assign a unique punch for each dif- 
ferent card by setting aside at least one card 



column, for example, al punch for all name 
and address cards, a 2 punch for all accounts 
receivable cards . These punches will enable 
the machines to distinguish between the dif- 
ferent cards. 

Another necessary code is the debit or 
credit, plus or minus code. In a scientific 
installation we might have the need to rep- 
resent positive or negative numbers, where- 
as in a commercial installation we may have 
to code debit or credit transactions. For 
example, a bank will show deposits as posi- 
tive transactions and withdrawals as nega- 
tive transactions. The common standard is 
to show a negative transaction with an 11 
punch over the rightmost digit of the amount. 
This is known as overpunching, because you 
have punched the 11 over the digit punch in 
that card column. If you look at Fig. 1-2, you 
will see that an 11 punch in column 65 prints 
as a dash. The 11 punch is usually referred to 
as an X punch, not to be confused with the 
letter X which is a and 7 punch. For ex- 
ample, a withdrawal of $27.61 would look 
like 27. 6 J. The column with the 1 would 
have an 11 and 1 punch (this is also the let- 
ter J). The lack of the 11 punch signifies 
a positive transaction. 

The last type of code to be discussed is 
an X -punch control code. The 11 punch is 
used to allow the machine to distinguish be- 
tween two different types of cards, usually 
referred to as master cards and detail cards. 
There are devices on most machines which 
have the ability to recognize only the X punch 
and therefore to perform different functions 
for either an X-punched card or a non-X- 
punched card. This control punch can ap- 
pear in any of the 80 card columns. 

PROBLEM 2: Using card columns 1 to 4, 
show what a negative 1252 would look 
like in a card. 

PROBLEM 3: Using card columns 11 to 17 
show what the word COLLEGE would 
look like in a card. 

FIELDS 

The types of data contained in a card are 
dependent on the input (source documents) 
and the output (desired reports). The se- 



THE IBM PUNCHED CARD 



quence of information in a card normally 
follows the sequence of the source document. 
This is done for ease of keypunching, key- 
punching throughput is reduced if the key 
punch operator must skip all over the source 
document for the next data to be keypunched. 
Sometimes in order to achieve proper card 
design the source document must be revised. 

The card columns assigned to specific 
items of data are called Fields. A field is 
a column or consecutive columns reserved 
for the punching of data of a specific nature. 
A field may be 1 to 80 columns in length, 
depending on the length of information to be 
punched. Examples of fields are: a name, 
an item number, a license plate number, or 
a person's age. 

Certain fields are left-justified. For in- 
stance, if you have designed a card with a 
name field in card columns 1 to 24, you 
would start punching the name in card col- 
umn 1. The unused card columns would be 
left blank. An example of a right- justified 
field would be a payroll card containing a 
gross -pay field in card columns 1 to 7, in- 
clusive. This would mean that the most an 
employee could be paidwouldbe $99,999. 99. 
(Decimal points, $, and commas are rarely 
punched in the card, since you will know 
which card columns contain the cents.) If 
you were punching a salary of $126. 00, you 
would punch it in card columns 3 to 7 and 
punch zeros in columns 1 and 2. In right- 
justified fields it is recommended that you 
fill unused high-order card columns of the 
field with zeros. In general, alphabetic 
fields are left-justified and numeric fields 
are right-justified. 

There are accepted terms in referring 
to the different card columns in a field and 
also to either end of a field. The left side 
of a field is referred to as the high • order 
position, which is the lower numbered card 
column. The right side of a field is referred 
to as the low-order position, which is the 
higher numbered card column. The right- 
most position is referred to as the units po- 
sition, the second column from the right is 
the tens position, and so on (Fig. 1-3). Re- 
member that the highest numbered card col- 
umn contains the lowest value in a numeric 
field. Once a field is assigned a specific 
card column or columns, these card columns 
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Fig. 1-3. Card-field positions (Courtesy 
of International Business 
Machines. ) 
should not be used for any other data. A 
simple way of counting the number of col- 
umns in a field is to subtract the lowest num- 
bered column from the highest numbered 
column, then adding 1. For example, an 
item field in columns 8 to 13, inclusive, 
would be six columns in length. 

We have discussed the terminology and 
codes of the punched card. Next we will 
describe the machine, which is the primary 
means of transferring the pertinent data from 
the source document to the punched card. It 
would be an arduous task to remember the 
alphabetic zone and digit combination and 
have to punch each character separately. 
The IBM Key Punch is available to perform 
this function with speed and flexibility. The 
key punch has the ability to punch any of the 
alphameric and special characters with the 
same ease as with a typewriter. In addition 
the key punch has the ability to perform 
many functions automatically. 

IBM Punched Card Questions 
Answer briefly 

1. How many columns are there in a card? 

2. How many rows are there in a card? 

3. How are the rows designated? 

4. Why is it necessary to represent al- 
phabetic characters with two holes? 

5. How many holes are necessary to rep- 
resent special symbols? 

6. If an amount field is designated as be- 
ing in columns 18 to 23 and you punch 
4613 into this field, what should be 
punched in card columns 18 and 19? 

7. If a gross-amount field is in card col- 
umns 36 to 41, inclusive, how many 
columns does this field contain? 
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THE KEY PUNCH 



There are a number of machines which 
have the ability to punch holes in an IBM 
card. The first one that we will discuss is 
the key punch (Fig. 2-1), also known as a 
card punch. There are two types of key 
punches in wide use - the IBM 24 and the 
IBM 26. The only difference between them 
is that the 26 has the ability to print the 
character immediately over the card column 



as the character is being punched. The 24 
Key Punch does not print; It can only punch. 
The key punch is the usual means of initially 
coding the data from the source document. 

CARD PATH 

After turning on the main-line switch, 
which supplies power to the machine, you 



Main-Line 
Switch 



Program Program Column Pressure-Roil 

Control Lever Unit Indicator Release Lever 



Card Hopper 



Card Stoi 

Reading 
Station 

Back Spac 
Key 

Reading 
Board 



ng Station 

nction Control 
Switch 




Combination 
Keyboard 



Chip Box 
and Fuse 



Fig. 2-1. The IBM 26 Key Punch (Courtesy of International Business Machines. ) 
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Fig. 2-2. Column-by- column punching 
(Courtesy of International 
Business Machines.) 

must wait one minute before using the key 
punch. The card follows a specific path on 
the keypunch. The first position in the card 
path is the vard h(P^^ whicbujiolds TjDp 
rfiards and feeds" the cards ^'edge-Sown, face 
forward* Next t he card move s to the pujisMf 
ing station, masf^^nS'^^^^^^iMlf, that 
is, column by column (Fig. 2-2). The card 
moves next to the reading station, wh.ere,t\ve 
card is read serially. This station is in- 
ternally synchronized to the punch station 
so that the same card columns are being 
both read and punched. This synchroniza- 
tion Is necessary for duplicating repetitive 
information from the card at the read sta- 
tion back into the card at the punch station. 
©upfiicatian„Sf Jbig. type is accomplished at 
the-Tate of 15_ J®. J 0_ columns per secon^. 
When duplicating, the reading station is ac- 
tivated by depressing the DUP key. After 
the card passes the reading station Its next 
position in the card path is the mmkef, which 
hold^n5"tro cards . When this limit is reached, 
the cards themselves turn the main-line 
switch off. 



There are two other noticeable features 
near the card path. One is the backspace 
key (Fig. 2-1), which is located below the 
card bed between the reading and punching 
stations. Each depression of this key causes 
the card to be backspaced one card column. 
(The automatic program unit, which will be 
discussed later, is also backspaced. ) The 
other feature is the column indicator which 
indicates the next column to pass the punch 
and read stations. 



KEYBOARD 

The keyboard is similar to that of a type- 
writer, in that the alphabetic keys are in the 
same position (Fig. 2-3). While upper-case 
letters can be typed on a typewriter by shift- 
ing, there are no lower-case characters on 
the key punch. When the key punch is in a 
shifted position special characters and digits 
can be punched. The key punch can have 
one of two different keyboard arrangements - 
commercial or scientific - the difference be- 
tween them being that certain punches will 
have different graphics on the keys and print 
different graphics on the card. Some of 
these graphics are the %, #, =, (, and the ). 

KEYBOARD SHIFTS 

Before we discuss the functional keys of 
the keyboard we will describe the different 
shifts of the key punch. When the keyboard 
is in alphabetic shift, which is the normal 
shift, and the operator depresses the L key, 
the letter L and not the digit 6 will punch. 
Similarly, if you depress the % key, the 
punch combination for the % will punch, not 
the comma. 

The key punch is in a numeric shift 
when the program-control unit is being 
used or when the NUM key is depressed. 
When in a numeric shift, the 6 and comma 
would be punched. T^x^J^gfWn- control unit 
is activated by lowering the program-control 
lever (Fig. 2-1). The purpose of the 
program-control unit is to cause automatic 
shifting, skipping, and duplicating wherever 
possible. The sequence of these automatic 
functions is controlled by the use of a pre- 
punched program -control card which is 
wrapped around theJ>rogr<nw^aiEig. 2-4). 
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Function 



30 Numeric shift 

31 Alphabetic shift 

32 Duplication 

34 Releases card from its station 

35 Feeds card from hopper 

36 Initiates a skip 

37 Registers card at station 

38 "1 f Special 

39 J I Devices 

44 Suppresses card movements after punching a hole in card. 



Special character 



Fig. 2-3. The keyboard chart (Courtesy of International Business Machines. ) 
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\" 

Program control lever 

Fig. 2-4. The program drum (Courtesy of 
International Business 
Machines. ) 

For example, let us say that a number of 
identically formatted cards are to be key- 
punched as follows: 



Columns 


Function 


1 to 3 


Numeric shift 


4 to 8 


Skip 


9 to 14 


Numeric shift 


15 


Skip 


16 to 33 


Alphabetic shift 


34 to 38 


Numeric shift 


39 to 44 


Numeric shift 


45 to 51 


Numeric shift 


52 to 58 


Numeric shift 


59 to 64 


Numeric duplication 


65 to 69 


Numeric shift 


70 


Numeric duplication 


71 to 80 


Skip 



The program card to accomplish this is 
shown in Fig. 2-5. The first card column 



of each field is punched with one of the fol- 
lowing punches which indicates the function 
to be performed automatically: 



Punch Function 

Blank Numeric shift 

1 Alphabetic shift 

Duplication 

11 Skip 

The length of the field is defined by punches 
in the 12 zone. Since the use of the program 
unit puts the key punch in numeric shift, we 
must use an additional punch in the program 
card to put the key punch back in alphabetic 
shift. Shifting to alphabetic mode is accom- 
plished by detecting a 1 punch in the program- 
control card. Therefore an alphabetic -field 
definition is a 12 and 1 punch. In order to 
duplicate a blank card column or columns 
from a field in the previous card, the pro- 
gram-control card must define the field as 
alphabetic. After the program-control card 
is fastened around the program drum, the 
drum is inserted into the program-control 
unit. The starwheels (Fig. 2-4), when low- 
ered by the program-control lever, senses 
the holes in the program-control card, and 
the necessary automatic functions are per- 
formed. 

KEYS 

We will now discuss the functional keys 
shown in Fig. 2-3. NUM is the numeric 
shift key that allows you to put the keypunch 
in a numeric shift manually when program- 
control is off. It is used either when the 
key punch is in its normal state (program- 
control unit not in use)orwhenyou are using 
the program-control unit in an alphabeti- 
cally defined field and want to keypunch a 
digit. For example, you may have defined 
an address field as an alphabetic field, but 
have to punch the house number. By de- 
pressing the NUM key, you will be able to 
punch a digit in any card column of the al- 
phabetically defined field. 

The ALPH key is the alphabetic shift key 
which allows you to keypunch an alphabetic 
character in a field defined as numeric in 
the program-control card. For instance, 
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Fig. 2-5. Program card (Courtesy of International Business Machines.) 



if you have defined a part number field as 
numeric, but which may contain an alpha- 
betic character in any card column of the 
field, you can punch the letter by first de- 
pressing the ALPH key. The DUP key al- 
lows you to duplicate any or all of the card 
columns from the card at the read station, 
as long as you depress the key. When the 
program-control unit is active you can au- 
tomatically duplicate the field or the balance 
of the field as defined in the program-control 
card from the card at the read station by 
pressing the key once. The field could have 
been defined as numeric or alphabetic. 
The -SKIP key acts differently when in 
alphabetic shift from when in numeric shift. 
In alphabetic shift it punches an 11 punch; 
when in numeric shift, it punches an 11 and 
then skips the balance of the field as defined 
in the program-control card. The REL pr^ 
mleSse'key nlbves thecafcfs' IKaF are at the 
PMB&bing and reading stations forward one. 
sfetioli. Depression of the FEED key will 
cause a card to be fed from the card hopper. 
Depressing the SKIP key will cause skipping 
past the unused right-hand portion of an al- 
phabetic field as defined by the program- 
control card without punching. The REG 
key is the register key which, when de- 
pressed, will properly position cards at the 



punch and read stations. 

The MULT PCH stands for multiple 
punch. As long as this key is held down, 
the card at the punch station will not advance, 
allowing you to keypunch any combination of 
punches or even all 12 punches in one card 
column. 

AUX DUP and ALT PROG are special 
features. ALT PROG allows the key punch 
operator to select one of two program set- 
ups. AUX DUP permits duplication from 
data in the program card. 

FUNCTIONAL CONTROL SWITCHES 

The functional switches (Fig. 2-6) con- 
sist of three switches - Print, Auto Feed, 
and Auto Skip and Auto Dup. The Print 
switch pertains only to the 26, the printing 
key punch. If it is on, the character punched 
is printed over the same card column; if it 
is off, there will not be any printing. When 
on, the^rfo Feed will cau:si| a"tf^a"t^]^a 

,ajl^e tltneThaf cafS c^umJC |CSi3e.-carir"-^ 
a j^ the pu nchinr^Stataonpasses the punching 
^^ttion. Auto Skipsm^LW^Wupy/ork'Tncom- 

,junction with the program unit to allow auto- _. 
| ff,^tic ski pping and/or duplication aS defined -^, 

*'b5t-the program card. The type and amount 
of keypunching determine whether the pro- 
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Fig. 2-6. Functional control switches 
(Courtesy of International 
Business Machines.) 

gram unit and the Auto Feed are used. Cards 
must be placed in the hopper under any cir- 
cumstances. The program unit. Auto Dup, 
and Auto Feed will most likely be used if the 
card design and volumes justify their use. 

THE 56 VERIFIER 

The 56 Verifier looks similar to the key 
punch, the difference being that instead of a 
punching station, the verifier has a verifying 
station which is used to verify the accuracy of 
the data punched by the key punch operator. 
The keypunched cards and the source docu- 
ments are given to a verifier operator, pref- 
erably not the same operator who did the 
original key punching. The verifier operator 
tries to key the data using the same source 
document (Figs. 2-7 and 2-8). The verifi- 
cation station consists of thin metal plungers. 
If the key depressed corresponds to the holes 
in the card column, the metal plungers will 
pass through the holes, allowing the card to 
advance one card column. If the holes dif- 
fer from the depressed key, the machine 
will lock and a red light will go on. The 
operator can unlock the machine and depress 
a key two more times. If this is still wrong, 
the card will be notched over the card col- 
umn in error. If the card is verified to be 
correct, the card will be notched on the 
end (Fig. 2-9). 

PROBLEM 1: Make up a program card to 

do the following: 
1. Skip card columns 1 to 10. 



3. 

4. 

5. 
6. 

7. 



Alphabetically duplicate card columns 
11 to 15. 

Skip to card column 20. 
Alphabetically shift card columns 20 
to 24. 

Numerically shift card columns 25 
to 30. 

Duplicate numeric data from card col- 
umns 31 to 35. 
Skip the balance of the card. 
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Fig. 2-7. Schematic of punch dies if the 
letter A is being punched 
(Courtesy of International 
Business Machines. ) 
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VERIFYING 
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Error notch on third trial 
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Fig. 2-8. Schematic of sense pins verify- 
ing the letter A (Courtesy of 
International Business 
Machines. ) 

Key Punch Questions 



Answer briefly 

1. The key punch contains a reading sta- 
tion and a punch station. What is the 
purpose of each? Which station is also 
on the 56 Verifier? 



; 



"T 



'z 2^1 1 



:i>Dllf aiDDOfm 



BD|D:0|l|'ltl)llliHa 
illljl nil t III 1 n 

|]]'3}|3}']'3'3i3 3]3|]3:113,3 3:]li]]i313:]3] 
;t 4 4 41 414:4 4|4 4 4 4:4 4i4 4|4 1:4 4 4 4 I.4I 414 4 

s j i nl|jl S|s il s.s ».s Isis i1 5 s s 9:3 s s's i S 

.1 S 6 III (,E 1 1'( 6 i 6<E t> 1 1|( E < 1 1 1 E:i I E'B ( S 

711 (111 J7,IU I7T7 J||t7|j)7T7l7TTH 
1 1 1 1 1 1 1 1 11 1 1 9 Ml I It 1 1 ! 1 1 1 1 ) t II I 

1 1 ] 9.) Ill 9 M 9 } 9 n;l 9 9 9 I'l 9 1 1 1 ! 9 1 1 S 



l:|lt DiliO IDgilDODIDDDDgDOOtOtODOIIOIDQIIII 

li 11 1 l"i'''i,ii'i n 1 1 1 1 1 1 1 1 1 1 1 1 11 n I I 1 1 1 1 1 11 11 1 I 1 1 

It 12:jiri71'12-1711 111717117 I121i 111 111 lit Jl J i^ 
]|3i3'3i33:3 33})]13} LABOR DISIRIBUTtON 31333]] 

4:4Jl 4 4 4 4 I 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 t 4 4 4 4 4 4 4 4 4 4 I 
Viist9i:t iii9}5SS9iSiSSS5SlSi JiilS! JiSii 
G 1 1 E E.I it I 9 ( I ( 9 i I 6 G ( 1 1 i 1 1 1 1 G E E t 6 t E E E E I ( I 

7:7 7 I 7 7 7 7 I 7 f 7 ) 7 7 ni 7 7 7 1 7 T 7 I 1 J 7 7 J 7 I 7 I 7 7 J 

ii!|aiii tiiiiMiliiiilitiiiitiigitiiiiiiiii 

999n999999999999S199999999999999«9991999 



Final OK notch 



"J" 






1^1 



l{i'9 liD 1 1 nil it a oil i|o d oil oi 

1 I'l I 1 M M M;n 1 11.1 ill I I: 



It 
• 

1 1\7 I'l III'! i<2 1 i Z| 2 7 I l\2tl m MI l-l 7 1 
1 3;3 };3 3il 3 31J 1 1 3.3 1 3 3 ijl 3;] )l 3 3'3 3 1^3 3 3 
4444444'44i444 4 44:| 
I S i iiWit yiiiii 9 it i'9 if i Vi S 9 9 S 9 i S 
t B E |l S'l 1 1:( E 1 1 B It I EjE 1 1 |E 1 1 E E 1 1 9 9 
171 7711 77.1177 11 7 l|ll J.ll 1 II 11 7171 
1 1 B 1 1 IrB II 1 1 1 1 1 11 1 11 M 1 1 1 1 1 1 I 1 1 1 
1tl99St99999 999':9 9l.ie'999 9999I999 



ll'I'lOIII't ODODODDO DOItODOItCOHMDODIII) 

1 Mil I 1 1 I I M 1 M 1 I M 1 I 1 n 1 II I 1 I 11 I 

2 ll-l 171117 1111111712 71 17111171717171J 71 
3 9:3 13 3 } 1 3 3 ) ] ] LABOR DISTRIBUTION 13 3 313 3 

(14441444 4 44 44444444444 4444444444 444 44 
959^919! i 9 99 5 99iS 99 9 i SiSi i 9919 S SSJS S EiSi 
9 I 9 9 1 1 E.E f E E ! E 9 E 9 1 1 E 9 t 9 E E E f f E G G 1 1 E G E 1 1 E I 

7 (7-! J 7 n 7 7 nl 7 7 1 7 t 7 1 I T 7 J 1 7 I 1 7 7 r 7 I J J ? Ml 
lltllll'BIIIIEIIEIItllMIEIlllllllBIIIIE 
9 9199999I99991999319<9999919999919))9*3 



Fig. 2-9. Error and correct card notches 
(Courtesy of International 
Business Machines. ) 

2. After the main-line switch is turned on, 
how soon can operations begin? 

3. How many multiple punches can be 
punched in one column of a card? 

4. What is the purpose of the DUP key with 
program control? Without program 
control? 

5. What occurs when the -SKIP key is used 
in alphabetic shift? In numerical shift? 

6. What punch in the program card starts 
skipping? What punch continues skip- 
ping? 

7. What punch in the program card starts 
numeric duplication? Alphabetic du- 
plication? 

8. What punch continues alphabetic du- 
plication? 

9. What punch continues numeric dupli- 
cation? 

10. What is the function of the Auto-feed 
switch? 

11. What is the purpose of the verifier? 
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12. How are the error cards and the veri- 
fied cards indicated? 



referred to as a 



Fill in blank spaces 

13. The code used or 
is called the ml 



14. 



15. 



16. 



17. 



18. 



19. 



punched cards 
li code. 

The program card is locked around the 
program ,:g (f,^^ 

The major difference between the 24 
and 26 is that the 26. 



program 



The column indicato|; b^o^t 
control unit shows j|i|s *"" 

Alphabetic information is recorded in 
punched cards by combining punches 

known as thefSflfe^l 

and the 'f "^ punches. 

An 11 punched in a predetermined card 
column for control purposes is some- 
times referred to as a '^ 

punch. 

A column or a group of columns set 
aside to receive specific information is 



20. 



21. 



22. 



23. 



26. 



, are raised 



The 

and lowered by the program-control 
lever on a key punch machine. 

Two of the three control switches (or 
toggle switches) on an IBM 26 are the 

— switch and 

^^^ — — _. switc h . 

Cards prepared from source documents 
on an IBM Key Punch are checked on a 
machine known as the . 

The printed side of an IBM card is gen- 
erally referred to as the 

of the card. 

24. The IBM Key Punch machine has two 
card stations, the read station and the 
punch station. The read station is used 
for a process known as 

25. There are 



.actual punching 



rows on a card. 

Special characters (such as the dash, 
comma, ampersand) are usually made 
of from 1 to punches in a column. 
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Section 
THE 82 SORTER 



Sorting is the rearranging of documents 
into an ascending or descending, numeric 
or alphabetic sequence. There are three 
primary reasons for sorting. The first is 
the grouping or classification of information. 
The arranging of cards by class of merchan- 
dise or by customer class is an example of 
this. You may want to arrange a file by 
grouping salesmen in the same territory. 
Second, sequencing of data allows you ease 
of reference. Think how difficult it would 
be to find a telephone number in the tele- 
phone directory if the names were not in 
alphabetic order. Third, sorting of infor- 
mation in a meaningful manner aids the 
neatness and legibility of reports. 

The use of a mechanical sorter not only 
permits faster sorting, since sorter speeds 
range from 450 to 2,000 cards per minute, 
but also lends accuracy to this chore since 
manual sorting of documents is often a slow 
and tedious process and is consequently 
prone to human error. 

There are only two keys on the 82 Sorter - 
the start and stop keys (Fig. 3-1). As in 
all other unit record machines, it has a 
main- line switch to supply current to the 
machine, and as the key punch, the sorter 
requires a 60-second warm-up period. The 
card hopper has a capacity of 1,200 cards. 
Each of the 13 pockets contains a pocket-stop 
lever which will automatically stop card 
feeding when a pocket reaches its capacity 
of approximately 550 cards. In order to re- 



Column -Selector Handle 
Sort Brush \ Feed Hopper 



/ Hand-Feed Wheel 

' / 
I /^ Selection 
■^*^*^ Switches 




Fig. 3-1. The IBM 82 Sorter (Courtesy of 
International Business 
Machines. ) 

sume operation, you must remove the cards 
from the pocket and press the start key. 

The hand- feed wheel on the right side of 
the sorter is used when either testing the 
machine or removing a card jam. To do 
this, you push in the wheel and then turn it 
manually. Cards are fed into the machine 
9 edge first, face down. The card passes 
between the roller and the brush at a spe- 
cific time in the cycle of the machine . There- 
fore, the differences in impulses created by 
the holes are recognized as a timed electri- 
cal impulse (Fig. 3-2). 

The sorter has only one reading brush, 
which can be positioned over any one of the 

13 
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80 card columns. 

The column-selector handle moves the 
sort brush to the desired card column. Each 
turn of the handle moves the sort brush one 
card column. K you want to position the 
sort brush several card columns away, it is 
not necessary to turn the handle several 
times, since you can station the handle in 
its upper position, pull down the /mger lever, 
and move the finger lever and the attached 
column indicator to the desired card column. 

Cards are selected to one of 13 pockets. 
There are pockets for each of the 12 pos- 
sible punches in a card column plus the 
thirteenth pocket, the R or reject pocket. 
Cards that contain blank card columns in 




BRUSH MAKES CONTACT WITH ROLLER 



Card passing between roller and 
brush acts as an insulator so that 
no impulse is available at the brush. 



Punched Hole 



9 8 



Card 
Movement 



1 

Card 



V / 

7 6 5 4/32 1 /0 11 12 




(Contactj 

Roll //^Source of Current 



When brush makes contact with 
roller, a circuit is completed 
and an electrical impulse is 
available to instruct the machine 
to do a specific job. 



Electric Impulse 




Fig. 3-2. Brush making contact with 

roller (Courtesy of International 
Business Machines.) 



the column being sorted will fall into the re- 
ject pocket. In addition, as you will learn 
shortly, you can suppress sorting on any or 
all rows. As a result, any cards with the 
corresponding suppressed rowpunchwill be 
selected to the reject pocket. 

SELECTION SWITCHES 

The selection switch (Fig. 3-1) consists of 
12 small prongs, each representing one of the 
12 possible row punches, and the thirteenth 
prong a larger red one which is equivalent to 
the 1 to 9 prongs. These 13 prongs are either 
in the inward or outward position. During 
regular sorting, all of the prongs are in the 
outward position, thereby allowing the selec- 
tion of all possible row punches. When per- 
forming a regular sort, cards go to one of 
the 13 pockets, depending on the punch in the 
card column. For example, a card with a 
3 punch will fall in the 3 pocket. 

SUPPRESSION SORTING 

Suppression sorting is the ability to se- 
lect one or any combination of punches in a 
card column. This is accomplished by push- 
ing the prong or prongs, corresponding to 
the row punches that you do not want to se- 
lect out, toward the center. An illustration 
would be if you had a personal habits card 
for each of the students at a college, and in 
card column 15 you had keypunched the fol- 
lowing coded information: 

A 1 punch means a male nonsmoker. 

A 2 punch means a male cigarette smoker. 

A 3 punch means a male pipe smoker. 

A 4 punch means a male cigar smoker. 

A 5 punch means a female nonsmoker. 

A 6 punch means a female cigarette 
smoker. 

Now suppose that in order to determine the 
number of ashtrays required in the cafeteria 
and in the men's and women's lounges you 
would sort to determine how many smokers 
there were and how maAy of these were males 
and females. You would position the sort 
brush over card column 15. Next suppress 
prongs 1 and 5, and press the start key. 
Cards will fall into pockets 2, 3, 4, and 6. 
The balance of the cards will fall into the 
reject pocket in the same order that they 
were fed into the machine. The total num- 
ber of cards selected would be the number 
of students at the school who smoke. The 
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total number of cards selected to pockets 2, 
3, and 4 equals the number of male smokers 
at the school. The cards in pocket 6 equal 
the number of female smokers. 

PROBLEM 1: Card column 6 contains the 
types of cars owned by the employees of 
a plant. The following is the established 
code: 
1 = two-door sedans 
four-door sedans 
= two-door hardtops 
= four-door hardtops 
convertibles 
two-door sedans, 
four-door sedans, 
two-door hardtops, 
four-door hardtops, 
two-door, sunroof, 
four-door, sunroof. 



2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



foreign make 
foreign make 
foreign make 

foreign make 
foreign make 

foreign make 



= convertibles, foreign make 



If you were asked to select out all of the 
four-door cars, which prongs would you push 
toward the center to suppress sorting? 
To see how sorting is accomplished, look 
at Fig. 3-3. You will notice that the card 



passes under the chute blade corresponding 
to the card rows. When a hole is encoun- 
tered, the armature plate is drawn to the 
roller, attracting all the chute blades not 
insulated by the card, forcing the card up 
against the chute blades and over the lip of 
the blade corresponding to the punched row 
in the card. The card then passes to the 
proper pocket. You can check the accuracy 
of the sort either by eye or with a sorting 
needle (Fig. 3-4). 

PROBLEM 2: If you were sorting on a col- 
umn that contained the double punch 8 
and 4, which pocket would the card se- 
lect to? 
NUMERIC SORTING 

Numeric sorting is the sorting of a nu- 
meric field containing only through 9 
punches. To arrange the cards in ascending 
numeric order, you must sort each column 
of the field separately, startingwith the units 
position first (high card column), and sort 
each lower numbered column consecutively 
until you sort the high-order position. After 
each column is sorted, remove the cards 




Fig. 3-3. Schematic of card feed (Courtesy of International Business Machines.) 
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from the pockets, going from right to left, 
keeping the cards face down and stacking 
them on top of the previously removed cards, 
thereby keeping the cards in ascending order. 



You must remember to move the sort brush 
for each card column; otherwise you will 
just repeat the previous column sort (Fig. 
3-5). 






Fig. 3-4. Sorting and sight checking (Courtesy of International Business Machines. ) 
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(b) At the end of the second sort which was mode on the tens position. 
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11 12 R 



9 8 7 6 5 4 3 
These cards are removed so that the cords are on the bottom, the 1 
cords on top of the cards, etc. This may be done by removing the cords 
from the pocket first, placing the cords from the 1 pocket on top, etc. 



98 765432 10 11 12 R 
These cards are removed so that the cards are on the bottom, 
the 1 cards on top of the cards, etc. 



(c) Cards as 
removed from 
the pockets 
after the 
first sort. 
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OBSERVE 

THE NUMERICAL 

SEQUENCE 

OF THE 

RIGHT-HAND 

COLUMN I 



(c) Cords as 
removed from 
pocket? 
after the 
second sort. 



< 



OBSERVE 

THE NUMERICAL 

SEQUENCE 

OF THE 

LEFT-HAND 

COLUMN I 



Fig. 3-5. Sequencing (Courtesy of International Business Machines.) 
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MAJOR AND MINOR FIELDS 

At times the desired order of cards may 
involve sorting more than one field. For 
Instance, you may want to arrange the cards 
by city within state. You might want to have 
all the cities in Alabama in alphabetic order, 
then all the cities in Alaska, and so on. 
This allows ease in reading a report. Ar- 
ranging the cards in this type of order is 
known as a major and minor sort. The cate- 
gory that is the subdivision is known as the 
minor field, while the other field is known as 
the major field. In the above example, the 
cities are the minor field, and the states 
are the major field. 

Sometimes you may have to sort three 
fields to produce the desired sequence. You 
may want cities within county and counties 
within state. In this case, the city is the 
minor field, the county is the intermediate 
field, and the state is the major field. 

The procedure for this type of sorting is 
to sort the lowest-level field first, starting 
with the units position and then the next 
highest-level field, again starting with the 
units position. In an application having only 
two fields you would first sort the minor 
field, then the major field. If there were 
three fields, you would first sort the minor, 
then the intermediate, and finally the major 
field. These fields may or may not be in 
adjacent card columns. In practice you can 
think of them as one field, since you always 
start sorting each field with the units po- 
sition. 



PROBLEM 3: Suppose you had to sort a deck 
that contained item number in card col- 
umns 15 to 20, customer number in card 
columns 31 to 36, and salesman number 
in card columns 76 and 77. The report 
you want to produce will show each sales- 
man, hi's customers, and what items they 
have purchased. In what orderwouldyou 
sort tiiese fields, and which card column 
of each field would you sort first? 

TIMING FORMULA 

This is a good place to explain how a sort- 
ing operation is timed. The formula for nu- 
merical sorts is: 



Number of cards x number of columns 
Rated speed of the sorter 

Add 25 percent of the result for card-handling 
time. For example, if one wants to sort 
13, 000 cards on a five-digit field on an 82 
Sorter with a rated speed of 650 cards per 
minute, the formula would look like this: 



13,000 x 5 
650 



100 minutes 



plus 25 percent of 100 minutes = 25 minutes 
for a total of 125 minutes. 



PROBLEM 4: How long will it take to sort 
10, 000 cards with a five-digit field (nu- 
meric) at 650 cards per minute? 

BLOCK SORTING 

When sorting, all of the cards must be 
sorted before the cards can be processed 
by the next machine in the system. When 
sorting large volumes of cards, block sort- 
ing will reduce the throughput time. Block 
sort by separating the file into logical blocks 
and then sorting each block separately. Sup- 
pose a concern had 20,000 employees, and 
you wanted to produce a list of employees in 
employee number order. If an employee's 
number was in a five-digit field in card col- 
umns 39 to 43, and you had an 82 Sorter 
whose speedwas 650 cards per minute, with 
whatyou have already learnedyou would sort 
all 20,000 cards before they could be proc- 
essed by the next machine. The formula 
would be: 



20,000 X 5 _ 
650 



approximately 154 minutes 
plus 39 minutes for card 
handling 

for a total of 193 minutes or three hours and 
13 minutes before the first card would go 
into the next machine. If you were able to 
divide the 20,000 cards into some sort of 
logical blocks and then sort each block sep- 
arately, you would then be able to overlap 
the sorting and printing time. You can ac- 
complish this by block sorting. In the above 
example, you would first sort all 20,000 
cards on the high-order digit in column 39. 
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The cards would then separate into a maxi- 
mum of 10 blocks in the to 9 pockets (ex- 
cluding blanks). For simplicity, assume 
that we have an even distribution, so that 
we have 2,000 cards in each block as shown 
in Fig. 3-6. The next step would be to re- 
move the 10 stacks, and then sort the re- 
maining four columns in the normal manner, 
i.e., columns 43, 42, 41, and 40 of the 
block. When this block is finished, it can be 
processed by the next machine while you fol- 
low the same procedure with blocks 1, 2, 3, 
4, 5, 6, 7, 8, and 9. 



12:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 
Noon p.m. p.m. p.m. p.m. p.m. p.m. p.m. 




2,000 cards in 
the 9 block 



2,000 cards in 
the 8 block 



2,000 cards in 
the block 

Fig. 3-6. Block sorting (Courtesy of 
International Business 
Machines. ) 

Block sorting by itself is not faster than 
normal sorting. This is shown by applying 
the formula: 



20,000 X 1 



650 




2,000 X 


4 


650 




125 plus 


30 



= approximately 30 minutes 



= approximately 12. 5 minutes 

X 10 blocks = 125 minutes 
= 155 minutes 

See Fig. 3-7 to see how the total operation 
is shortened by doing a block sort. 

If you have major and minor fields, you 
can first sort on the major field, then 
manually separate one major group at a 
time, and finally sort that group's minor 
field. 

Another reason for block sorting is that 
when the installation has more than one 
sorter, you can use the other sorter or 



Sorter operation 
3hrs. 15 min. 



Accounting machine 
3 hrs. 20 min. 



Sorter operation 
3 hrs. 15 min. 



Accounting machine 
3 hrs. 20 min, 



Regular 
sorting 



Block 
sorting 



— r — i r 

Fig. 3-7. Block sorting times (Courtesy 
of International Business 
Machines. ) 
sorters at the same time as shown in Fig. 
3-8. An added benefit of block sorting is 
that it is easier to trace and correct an er- 
ror when you are working with smaller vol- 
umes of cards. 

ALPHABETIC SORTING 

The final type of sort we will discuss is 
alphabetic sorting. There are times when 
one sorts on an alphabetic field, for example, 
name field, product description field, or 
location field. 

If we had to sort once on each column 
during a numeric sort, how many times do 
we sort on a column in an alphabetic sort? 
Twice, because there are two punches per 
column to represent a letter. 

The red sort switch, which is equivalent 
to the nine small prongs, is used primarily 
for alphabetic sorting. By moving the red 
switch toward the center you allow sorting 
of the zone punches only (12, 11, and 0), 
and all other cards fall into the reject pocket. 
You will see how this switch is used as we 
explain alphabetic sorting. 

Sorting begins on the units position. Sort 
on the card column normally as in ;numeric 
sorting. Since the cards are fed 9 edge 
first, the card will be selected to a pocket 
corresponding to the digit punch of the let- 
ter. Then remove the cards, face down, 
going from right to left, stacking the cards 
progressively on top. Next you push the red 
sort switch toward the center. Remember, 
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Large file of cards to be sorted one-third of which goes to each sorter 
for blocking. 

Then, after blocking, the cards from the pocket of each 

of the three sorters are stacked together. These could go to sorter 1 

for finishing the sort. 




the zero 
block of cards 




-►( Sorter 1 



The blocks from each of the three sorters of the 1,2,3 and 4 cards 
are sorted on the remaining columns by sorter 2. . . 
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and the blocks from each of the three sorters of the 5, 6, 7, 8 and 9 
cards are sorted by sorter 3. 
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'5"block 

Fig. 3-8. 
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Sorting large files of cards 
(Courtesy of International 
Business Machines.) 



this has the effect of suppressing sorting of 
the 1 through 9 punches. As a result, on 
the second pass of the column you will sort 
only on the zone punches, 0, 11, or 12. 
Therefore, after the second pass on the col- 
umn, the cards will be in the 0, 11, and 12 
pockets in the following order: A through I 
in the 12 pocket, J through R in the 11 pock- 
et, and S through Z in the pocket. The 
cards in each pocket will be in alphabetic 
order. A card will fall into the R pocket if 
there are any blank card columns. Do not 
sort the cards in the R pocket on the second 
pass because they will only be selected to 



the R pocket again. After the second pass, 
place the blank cards at the front of the deck. 
Remember to reset the red sort switch be- 
fore sorting the next card column. 

The formula for timing alphabetic sorts 
is: 

Number of cards x number of columns x 2 
Rated speed of the sorter 

plus 25 percent for card handling. For ex- 
ample, if we have 1,300 cards, a 650 cards 
per minute sorter, and we are going to al- 
phabetically sort a five-position field, it 
would take: 



1.300 X 5 x2 



20 minutes plus five minutes 
for card handling 



650 
for a total of 25 minutes. 

PROBLEM 5: How long will it take to sort 
10,000 cards on a five-column alphabetic 
field with a 650 cards per minute sorter? 

The sorter is an important machine in an 
installation. It is a basic machine found not 
only in unit record installations but also in 
computer installations. Its function is to 
arrange the input cards for processing by 
other machines in the system. 

It is important that the cards be grouped 
according to some definite sequence, since 
the end result of machine accounting is a 
printed report. The sorter is the machine 
which can arrange the cards in the desired 
sequence accurately, quickly, and economi- 
cally. 



Sorter Questions 

Answer True or False 

1. Tn sort on a numeric field of 

more than one column, start 
sorting on the units (rightmost) 
column, then sort on the ten col- 
umn, and so on, until the left- 
most column of the field has 
been sorted. 

2 A card may fall into any one of 

14 pockets. 
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6.. 



7.. 



8.. 



9.. 



10. 



11. 



-Cards with no punch in the col- 
umn being sorted fall into the R 
pocket. 

_ Cards are placed into the hopper 
9 edge first, face up. 

- There are the same number of 
pockets in the machine as there 
are rows on the card. 

_The general rule for sorting an 
alphabetic field is to sort on the 
leftmost column, then on the col- 
umn to the right of that, and so 
forth, until the rightmost column 
of the field has been sorted. 

-Two passes are required when 
s or ting one c olumn numer ic ally . 

_When sorting alphabetically, the 
alphabetic sort and the digit se- 
lection switches are set in the 
outer position for the first pass 
through the machine. 

_ The only way the sort brush can 
be moved is by using the column 
selector handle. 

. During numeric sorting, all the 
selection switches must be in 
the outer position for the entire 
operation. 

.It is possible in a given pass to 
suppress the reading of one 
specified punch only. 



12. 



13. 



14. 



15. 



16. 



17. 
18. 

19. 
20. 
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_When cards with a 5 punch are 
being selected from a file, the 
cards with a 5 punch go to the R 
pocket. 

. If cards with a 3 punch are to be 
selected, only the number 3 se- 
lection switch is placed in the 
outer position. 

-Cards are not selected to the R 
pocket in the order in which they 
were fed into the machine. 

-Alphabetic sorting on the IBM 
82 Sorter requires two passes, 
zones being sorted on the first 
pass and digits being sorted on 
the second pass. 

_When block sorting a large file 
of cards on the basis of one nu- 
meric field, you divide the file 
into small blocks manually, and 
completely sort each block into 
numeric sequence. 

.In block sorting a field, start by 
sorting on the leftmost column. 

. If the field to be sorted is in col- 
umns 17 to 20, and you are to 
block sort, you would first sort 
column 17 and then column 18. 

-Two fields on a card are city 
and precinct. The major field 
is precinct. 

-To block sort on the basis of 
two numeric fields, sort first 
on the major field. 
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the cord into a hub on the board that is in- 
ternally connected to the desired extension. 
Actually the operator has completed an elec- 
tric circuit to give the correct result. 
A control panel does exactly the same 
thing; it completes electric circuits through 
wires which are inserted into hubs. 

WIRES 

Electricity requires a path. This path on 
the control panel is provided by wires , which 
are available in several colors. The only 
significance of the colors is to signify the 
lengths of the wires. Most wires allow cur- 
rent to pass in either direction, but there 
are one ■ way wires available that contain 
filters which allow the current to travel in 
only one direction. These wires have an 
arrow printed on them to show which way 
the current can travel. Wires carry im- 
pulses from exit hubs to entry hubs to per- 
form specific machine functions. 

CONTROL- PANEL HUBS 

The wires are used to connect hubs on 
the control panel. There are basically two 
types of hubs - entry hubs which accept im- 
pulses from wires and exit hubs which emit 
impulses to wires (if there is a wire in the 
hub). Some hubs, as you will learn, are 
either exit or entry hubs depending on the 
time of the machine cycle. Other hubs which 
have a line between them (as shown in Fig. 
4-2) are called common hubs. There may 



O- 




-O 



Fig. 4-2. Common hubs 

be two or more hubs with a line connecting 
them. This line signifies that these hubs 
are internally connected, which means that 
if they are exit hubs, the same impulse is 
available from both of them. If these com- 
mon hubs happen to be entry hubs, and one 
receives an impulse from a wire, that im- 
pulise is available from the other hub. A 
similar type of hub is the bus hub as shown 
in Fig. 4-3. They are used when more than 



Fig. 4-3. Bus Hubs 

one of a certain impulse is needed. 

The impulse from an exit hub is available 
from all the other bus hubs by connecting an 
exit hub and any one of the bus hubs with a 
wire. If bus hubs are not available, and it 
is necessary to connect one exit hub to more 
than one entry hub, it is accomplished 
though the use of a common connector (Fig. 
4-4). An impulse to the connecting block is 




Impulses Out 

\c=XM 

Fig. 4-4. Common connectors (Courtesy 
of International Business 
Machines. ) 

available from all the other terminals in the 
connector. This type of wiring is known as 
split wiring. Split wires are three or four 
wires connected at one point. 

When two adjacent hubs are to be con- 
nected, you can use a jackplug (Fig. 4-5) 




Fig. 4-5. Jackplug (Courtesy of Inter- 
national Business Machines.) 
instead of awire. Jackplugs are used sim- 
ply because they are less bulky. Two other 
types of hubs you will encounter are seen in 
Fig. 4-6. The hubs connected by a straight 
arrow signify that these hubs are used as a 
switch. If they are connected by a wire, the 
switch is on; if they are not wired, the switch 
is off. The hubs with a curved arrow are 



Fig. 4-6. 
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Switches (Courtesy of Inter- 
national Business Machines. 
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ELECTRICAL IMPULSES 

It has been mentioned that the Hollerith 
Code enables the machines to read data. 
This is accomplished by electrical impulses. 
As you can see in Fig. 4-1, the card acts 
as an insulator as long as there is no hole. 
Once the 4 row with the punched hole (Fig. 
4-1) passes beneath the reading brush, the 
insulation is broken, and the brush and the 
magnetized roller make contact. At that 
time, an electrical impulse travels through 
the brush. When the 5 row, which is not 
punched, feeds between the brush and roller, 
the insulation is restored (Fig. 4-1). Re- 
gardless of which row is punched, the elec- 
trical impulse is the same. The important 
difference is the time the contact was made. 
All of the unit record machines work on a 
timing cycle. Thus the electrical impulses 
do not run through the machines with num- 
bered tags, saying, "I'm a 4 impulse, " or 
"I'm an 11 timed impulse." The machine 
knows which row or rows were punched by 
the time the impulse passed from the roller 
to the brush. These impulses are available 
from the control-panel hubs. 

CONTROL PANEL 

Machine operations are controlled by ex- 
ternal wiring in a control panel. The con- 
trol panel is similar in principle to a tele- 
phone switchboard. An incoming call on a 
switchboard lights a signal light that tells 
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BRUSH CONTACTS ELECTRICALLY CHARGED ROLLER 
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CARD INSULATES BRUSH FROM ROLLER 



Fig. 4-1. Card reading (Courtesy of 
International Business 
Machines. ) 
the operator on which line the call is com- 
ing. After she answers the call, she plugs 
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also switches, the difference being that a 
curved arrow signifies that the connecting 
wire may be wired via a selector. (Selec- 
tors will be discussed later. ) 

DIAGRAMMING CONVENTIONS 

Throughout this bookyouwill be referred 
to wiring diagrams of control panels and re- 
quired to draw them. The following are 
wiring conventions: 

1. When you draw a wire connecting two 
hubs, draw an arrow indicating in which di- 
rection the impulse is traveling (Fig. 4-7A). 

2. If you are going to depict a field of 
consecutive columns being wired to a num- 
ber of adjacent hubs, show this by drawing 
a horizontal line through the two sets of 
hubs and one line with an arrow connecting 
the two horizontal lines (Fig. 4-7B). On 
an actual panel there would be as many wires 
as there were hubs to be connected, but for 
ease of reading a diagram, the above con- 
vention is used. 
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Fig. 4-7. Printing fields 

3. Crossing of wires can be depicted as 
shown in Fig. 4-7 C. 

4. When using the above standards, and 
one of the hubs in the line happens to be at 
the end of the row, the continuation is shown 
by drawing a hook on the end of the line, as 
depicted in Fig. 4-7D. 
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548 Control Panel. The shaded areas represent special features. 
(Courtesy of International Business Machines. ) 
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Section 
THE 548 INTERPRETER 



The punched card frequently takes the 
form of a readable document (utility bills, 
checks, identification cards, etc.), and in 
the future, we will see even greater use of 



it. The interpreter (Fig. 5-1) makes this 
function of the punched card possible be- 
cause of its ability to read the punched col- 
umn and print its graphic representation on 



Ready light Start Stop 




Fig. 5-1. IBM 548 Interpreter and interpreted card (Courtesy of International 
Business Machines.) 
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Fig. 5-2. Interpreter printing positions (Courtesy of International Business Machines.) 



the face of the card, allowing visual reading 
of the data. 

The 548 Interpreter can, through con- 
trol-panel wiring, read up to 60 columns of 
punched data in any of the 80 card columns 
and print in any of the 60 print positions at 
the rate of 60 cards per minute (Fig. 5-2). 
To interpret all 80 card columns, two runs 
must be made on the machine, using two 
different control panels printing on two lines . 

The interpreter can print on two lines - 
above the 12 row and between the 11 and 12 
rows. Sixty characters can be printed on 
each of the two printing lines, which are 
selected by setting a two-position knob at 
the rear of the machine. The positions are 
marked U for upper and L for lower. To 
change positions, the knob is pulled out and 
turned (clockwise for above the 12 row, 
counterclockwise for between the 11 and 12 
rows). 

Cards are placed in the hopper 12 edge 
first, face up; therefore the front card in 
the deck is the last one to be interpreted. 

The feed hopper holds approximately 700 
cards and the stacker holds about 900 cards 
before stopping. 

When the main-line switch is on, a green 
ready light indicates that the machine is 
ready for operation. To start the machine, 
the blue start key must be depressed and 
held for three feed cycles. The stop key 
stops the operation at any time during the 
feed cycle, 

THE 548 CONTROL PANEL 

The control panel is the brain of the ma- 
chine. It is wired to produce the desired 
printing. All the hubs on the control panel 
can be referenced by the letters on the side 
and the numbers on the top. 

The first set of hubs that we will discuss 
is the reading brushes (A-D, 1-20). There 
are 80 exit hubsfrom the 80 reading brushes. 
Figure 5-3 shows one of these brushes read- 



ing the card as it passes between the brushes 
and the roller. (There is a reading brush 
on each of the 80 columns. ) A timed impulse 
is available from the corresponding hub each 
time a hole is encountered in the card column. 

The print-entry hubs (MS, 1-20) are the 
hubs that determine where on the card the 
character will print. There is one hub for 
each of the 60 typebars. Each of the type- 
bars has 39 horizontal positions. They are 
10 numerics, 0-9; 26 alphabetics, A-Z, and 
three special characters (Fig. 5-4). 

The cards feed 12 edge first; therefore 
the typebar is positioned to one of four 
places - 12, 11, 0, or digits 1-9 by a zone 
punch or the lack of a zone punch. 

After this initial positioning, the typebar 
continues to move in conjunction with the 
card. When the next punch is encountered, 
the typebar stops. Then when the card is 
completely read, a bar strikes the typebar, 
causing it to print. For example, if the let- 
ter C was punched in a card column, the 12 
punch would first position the typebar. Then 
the typebar would continue to move until the 
3 punch was read. At this time the typebar 
would stop. When the card was completely 
read, a bar would strike the typebar print- 
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Fig. 5-3. Control-panel function (Courtesy 
of International Business 
Machines. ) 
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SPECIAL CHARACtER FROM 12 PUNCHING 



T 



o 

^4 



-IF 12 IS PUNCHED BAR POSITIONS HERE 
FOR MOVEMENT THROUGH A TO 1 
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-IF II IS PUNCHED BAR POSITIONS HERE 
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ELECTRICAL ZERO 



IF IS PUNCHED BAR POSITIONS HERE 
FOR MOVEMENT THROUGH S TO Z 

SPECIAL CHARACTER FROM O - I PUNCHING 



POSITIONS HERE WITH NOTHING PUNCHED 
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-IF NO PUNCHING IN 12 - II - O BAR POSITIONS HERE 
FOR MOVEMENTS THROUGH I TO 9 



z 
o 
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SELECTING PAWL - SELECTS PROPER CHARACTERS WITHIN ZONE OR 

GROUP AS I - 9 ARE READ FROM CARD 

ZONE PAWL - UNLATCHES FROM TYPE BAR AS 12-11 OR 
IS READ FROM CARD 



Fig. 5-4. Schematic of typebar (Courtesy of International Business Machines, ) 
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ing the letter C. Look at Fig. 5-5; the data 
from card columns 3 to 7 is printed via en- 
try typebars 1 to 5. 




Fig. 5-5. Offset interpreting 

Notice three things. First, it is not nec- 
essary to print in print-entry hubs 3 to 7. 
One can print in any five print-entry hubs; 
they need not be five consecutive hubs. Sec- 
ond, they could have been wired into the 
higher common hubs. It would not make 
any difference. Third, using the diagram- 
ming convention made the diagram easier to 
read than if five separate lines were drawn. 

Now, you try drawing a diagram. 

PROBLEM 1: Print the data from card col- 
umns 13 to 30 in typebars 1 to 18 and the 
data in card columns 63 to 68 in type- 
bars 51 to 56. 

PROBLEM 2: Print the data from card col- 
umns 10 to 13 in typebars 5 to 8 and 49 
to 52. 

X-ELIMINATION 

The next sets of hubs we will discuss are 
the X-eliminator bubs (E-H, 1-20). Their 
purpose is to eliminate the printing of the X 
(11) and 12 punch. This is normally done 
for either of two conditions. One is if the 
X control punch is in the same card column 
as the data, and it becomes necessary to 
interpret the punch in that column. A letter 



J-R would print instead of the digit if the X 
punch in that column were not eliminated. It 
is doubtful that we would have another zone 
punch in the column, but in the event that 
we did, the X-eliminator would still be nec- 
essary. The other condition is if we have a 
negative number. In a previous section it 
was stated that a negative or minus field was 
recognized by an X punch in the units posi- 
tion. If we did not eliminate the X punch, the 
units positionwould print as a letter, making 
it difficult to read. You can, as you will 
learn, separate the X and digit punch and 
print the X punch, which prints as a dash, 
in a separate print position. This would 
enable one to see visually that the field con- 
tained a negative number. 

The typebar is positioned to the no-zone 
position by eliminating the X punch. The 
X-eliminators are operative only if they are 
wired on connecting the X-eliminator hubs 
(E and F, 21 and 22). Remember that the 
arrows indicate that these hubs act as a 
switch - on if wired, off if not wired. The 
two pairs of switches correspond to the two 
sets of X-eliminators. You will encounter 
X-eliminator hubs on other machines, but 
they will be known as column splits. This 
is because the reading of the column is split 
between and 11 time (Fig. 5-6). 



|i;T ^0|l|2|3|4^6|7|a |9l |l2i%a°M|g|3|4l^MMBlI] 

n-i2 



11-12 



•■2; »-ll 



J 



Impulse 



0-9 



•-k-5 



7. 




mpulse 



Etim on Elim on 

Fig. 5-6. Schematic of X-eliminator 
(Courtesy of International 
Business Machines.) 

Each X-eliminator consists of three sets 
of hubs - the common hubs, the 0-9 flauh, 
and the 11 and 12 hub. At 12 and 11 time an 
impulse into the common hub is available 
from the 11 and 12 hub. By time, the ar- 
mature connecting the common and 11 and 
12 hubs is broken and connected to the 0-9 
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hub. Electricity needs a path to travel on; 
consequently, the impulse into common will 
be available out of the hub which is con- 
nected by the armature to the common hub. 
The inverse is also true, in that an impulse 
wired into the 11 and 12 hub and/or the 0-9 
hub would be available from the common 
hub. 

An analogous situation would be that of a 
railroad. Suppose there was a single track 
leaving the station, and a mechanical device 
enabled this single track to combine with 
one of two possible tracks. Now suppose 
there were local trains that ran only between 
11:00 A. M. and 1:00 P. M. The mechanical 
device would connect the single outgoing 
trackwith the local line track at 11:00 A.M., 
and then at 1:00 P.M. it would break this 
connection and attach the outgoing track to 
the express track for the balance of the 
time. Remember that the opposite is also 
true, in that trains returning to the station 
on the local line could only proceed past the 
fork between 11:00 A.M. and 1:00 P.M. 

Getting back to X-eliminators, bear in 
mind that if there is no wire in the 11 
and 12 or 0-9 hubs, the impulse entering 
the common hub will be lost at the hub with- 
out a wire. Now look at Fig. 5-7 and notice 
that X-eliminator group 1 is operative be- 
cause its switch is wired on. Reading- 



9 10 II 13 13 14 1i It 17 10 19 70 71 » 



o o o o 




Fig. 5-7. X-eliminator wiring (Courtesy 
of International Business 
Machines.) 
brush 6 is wired into common of X-ellmina- 
tor 3. The 0-9 hub of the same. X-elimina- 
tor is wired to print entry 4. If column 6 of 

any of the cards being read contained an 11 
or 12 punch they would not be printed. Only 



a digit punch in column 6 would be printed. 

PROBLEM 3: Eliminate X punches in card 
columns 5 and 10. Print the digits in 
print entry hubs 21 and 31. Wire from 
reading brush hub 5 into common of an 
X-eliminator, from reading brush hub 10 
into 0-9 hub of an X-eliminator. Wire 
reading brush hub 15 via an X-eliminator 
to print the digit punch in print entry 39 
and the 11 punch of column 15 to print 
entry 40. 

PROBLEM 4: What would be printed by 
typebars 21, 31, 39, and 40 if card col- 
umn 5 contained a C, column 10 an S, 
and column 15 an M? 

SELECTORS: J-L, 1-20 

Selectors, two of which are standard and 
two optional on the 548, are encountered on 
every unit record machine. Selectors are 
similar to X-eliminators in that each selec- 
tor has three sets of hubs - common, nor- 
mal, and transfer - and only two of these 
three hubs can be connected internally at 
any time. There is an internal connection 
between the C (common) and N (normal) 
hubs, unless the selector is activated. When 
activated, the connection between C and N is 
broken and an internal connection between 
C and T (transfer) is made. There can 
never be a connection between N and T. 
Imagine a railroad that normally runs a 
train between the station and North city, but 
will send a train to South city when enough 
passengers accumulated (Fig. 5-8). When 
the dispatcher sees that the number of pas- 
sengers warrants dispatching a train to South 
city, he telephones the lineman to throw the 
lever that switches the main or common track 
from the normal track going to North city. 
The connection is made between the main 
track, which is now transferred, and the 
track to South city. Selectors operate in the 
same manner. The machine must have some 
way of determining when an X card is going 
to be read by the reading brushes as the 
dispatcher determined when to send a train 
to South city, and then notifying the control 
panel. The control panel will then cause 
some change in the panel wiring. 
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Fig. 5-8. Railroad depot 



When a selector is normal (not trans- 
ferred) the impulse will travel from common 
to normal or from normal to common (Fig. 
5-9). When the selector pickup is impulsed, 
the electromagnet causes the armature to 
leave the normal hub and align with the trans- 
ferred hub (Fig. 5-10). 

The selector pickup hubs (J-M, 21 and 
22) are normally wired from the X-brush 
hubs (N-S, 21 and 22). There are four com- 
mon SEL PU hubs numbered from 1 to 4, 
each one associated with the respectively 
numbered selectors. 

Figure 5-11 shows the five X-brushes 
that are positioned in front of the reading 
brushes. As a result, the cards are read 
by the X-brushes one cycle before they are 
read by the reading brushes. The X-brushes 
are timed to read only X punches in the card. 



SELECTOR SCHEMATIC 
NORMAL CONDITION 



Transferred (•) 




Normal 



Common ((j\ 




Fig. 5-9. Schematic of Selector (normal 
condition) (Courtesy of Inter- 
national Business Machines. ) 
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SELECTOR SCHEMATIC 



Transferred 



PICK UP 
SELECTOR 



Normal 




Common (^ 



NOTE: 

impulseQ only activates electromagnet 
IT does not have a path to the transferred 
OR common hub. 

Fig. 5-10. Schematic of Selector (trans- 
ferred condition) (Courtesy of 
International Business 
Machines.) 



Any of the five X-brushes may be positioned 
to read any card column. At least two col- 
umns must separate adjacent brushes. 
These brushes have their own five-hub X- 
panel (Fig. 5-11). The five hubs are num- 
bered 1, 2, 3, 4, and 5. Any of the five X- 
brushes are wired to any one of the five 
hubs. These hubs are internally connected 
to the corresponding five X-brush hubs on 
the control panel, N-S, 21 and 22. As a re- 
sult, if there is an X punch in the card col- 
umn being read by one of these brushes, an 
impulse will be available from each of the 
two X-brush hubs on the control panel that 
corresponds to that particular X-panel hub. 
These hubs are normally wired to transfer 
selectors. 

The purpose of these X-brushes is to 
enable the control panel to distinguish be- 
tween X and no-X cards before the card 
passes beneath the 80 reading brushes. This 
is necessary if you intend to perform func- 
tions for X cards different from no-X cards 




Fig. 5-11. X-brushes, X-panel (Courtesy of International Business Machines.) 
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Fig. 5-12. Schematic of X-brushes, 

X-panel (Courtesy of later- 
national Business Machines. ) 

(Fig. 5-12). (From now on no-X cards will 
be referred to as NX cards. ) 

There are two types of selection, class 
or field (Fig. 5-13). Now we will see how 
these selectors are used. 

CLASS SELECTION 

In class selection there are two types of 
cards, and both have fields in the same card 
columns. One of the cards must have an X 
punch in order to distinguish it from the NX 
card. This is necessary when you want to 
print in one of two possible places, the X 
cards in one and the NX cards in the other. 
In the following example, there are gas and 
electric cards, and the amount field is in 
card columns 16 to 20 in both cards (Fig. 
5-14). In this example we want to print the 
gas amounts in print positions 31 to 35 and 
the electricity amounts in print positions 56 
to 60. There is an X punch in the electric 
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CC 25-29 
CLASS SELECTION (PRINT CC 25-29 IN EITHER TB5-9 OR 55-59) 
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XXXXX 
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CC 5-9 CC 65-69 

FIELD SELECTION (PRINT CC 5-9 OR CC 65-69) 

SELECTOR USE 548 

Fig. 5-13. Schematic of class and field 
selection (Courtesy of Inter- 
national Business Machines. ) 
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GAS CARD ELECTRIC CARD 

Fig. 5-14. Amount punched in the same 
field (Courtesy of Inter- 
national Business Machines.) 

card in order to distinguish between the two 
cards. Assume that an X-brush is posi- 
tioned over card column 80 which contains 
the X punch in the electricity cards, and the 
brush is wired to hub 2 of the five-hub pan- 
el. The solution is shown in Fig. 5-15. In 
class selection the impulses come from one 
field and are selected to print into one of 
two possible places; therefore, one wires 
from field A into C of a selector which can 
make contact internally with either N or T 
(field B or C). X-brush 2 is wired to se- 
lector pickup 2, not because they are both 
numbered 2, but because selector 2 was 
used. 
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-ZERO ELIMINATION 



PRINT ENTRY— 



PLUfl LEFT POSITION OF EACH OOUP 

JOOOOOOOOO 

PLUG ALL OTHER POSITIONS OF EACH GROUP 



Fig. 5-15. Class selection (Courtesy of 
International Business 
Machines. ) 

FIELD SELECTION 

Field selection is the opposite of class 
selection. There are two fields in the cards, 
but we want to print only one. The presence 
or absence of an X in the card determines 
which of the two fields is selected to print. 
To illustrate the use of field selection, let 
us modify the previous example of class se- 
lection. In this example, the electricity 
cards, which have the X punch, contain the 
amount in columns 1 to 4. The NX cards 
have the gas amount in columns 11 to 14. 
In this example we want to print the elec- 
tricity and gas amounts in print positions 37 
to 40. Assume that an X-brush is positioned 
over the column containing the X punch, 
and there is a wire from this brush to hub 1 
of the five-hub panel (Fig. 5-16). Notice 
that there is a wire from X-brush hub 1 to 
selector pickup 1, not because they are both 
numbered 1, but simply because selector 1 
was used. 

In field selection you come from two fields 
but go to only one field; therefore, you wire 
the field from the Xcard to transfer and the 
field from the NX card to normal. Both 
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Fig. 5-16. Field selection 

transfer and normal can connect to common, 
which in turn is wired to one destination . 

PROBLEM 5: Bank transactions (deposits 
andwithdrawals) are punched in card col- 
umns 30 to 35. Withdrawals have an X 
punch in card column 35. Print with- 
drawals in typebars 25 to 30. Print de- 
posits in typebars 45 to 50 . Assume there 
is an X-brush reading card column 35. 
Use X-brush hub 4 and selectors 1 and 2. 

PROBLEM 6: Bank transaction cards have 
deposits punched in card columns 21 to 
26 and withdrawals in card columns 11 
to 16. The withdrawals are X punched 
in card column 16. Account balance 
cards contain the customer's balance in 
card columns 21 to 26 and are X punched 
in card column 80. Assume there is an 
X-brush reading card column 80. Print 
the withdrawal and balance fields in print 
entry 10 to 14 of their respective cards. 
Print a minus sign in print entry 16 on 
the withdrawal cards. Use X-brush hub 
4 and selectors 1 and 2. 
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548 Interpreter Questions 

Fill in blank spaces 

1. The basic function of the 548 is to read 

_data in a card and 

data 



13.. 



translate it into 

on the same card. 



2. 



.characters can be 



printed on one line of a card. 

3. Printing can be performed on. 
lines. 

4. Cards are put into the hopper. 



edge toward the throat and face 

5. To wire an interpreter to print, wire 
from to _ 

6. The X-eliminator on the interpreter 
transfers between and time. 

7. Forty-two hundred cards could be in- 
terpreted in approximately hours 

and minutes, machine time. 



Answer True or False 

8 All 80 columns of a card can be 

interpreted on one pass through 
the machine. 

9 . The line on which printing is per- 
formed is controlled by the con- 
trol-panel wiring. 



10. 



11. 
12. 



The output sample is used to 
check that interpretation has 
been performed correctly ac- 
cording to the interpreter in- 
structions. 

. Cards feeding out of the hopper 
first pass the X-brushes. 

. The printed character must be in 
the same column as the punches 
for that character. 



14.. 



15. 



. In field selection, the field to be 
interpreted is common to both X 
and NX cards. 

. The control punch used in class 
selection is read by an X-brush. 

. An X-brush may be set to read 
any one of the 80 card columns. 



Answer briefly 

16. To make the typebar print an alpha- 
betic character, will the zone or the 
numeric impulse be received first? 

17. When must a selector be used? 

18 . What is the purpose of an X-eliminator ? 

19. If a card is punched JONES and inter- 
prets as JNOES, what do you think the 
trouble is? 

20. What control-panel hubs are used to 
eliminate an X punch and retain the 
digit punches? 

Multiple choice 

21. Which of the following hubs are exit 
hubs? Entry hubs? Either? 

a. Reading brushes 

b. Typebar s 

c. X-eliminator (common) 

d. X-brush hubs 1 to 5 

e. Selector pickup 

f. N hub of selector 

22. In Fig. P5-1, 

X-brush 1 on card column 30 
X-brush 2 on card column 1 
X-brush 3 on card column 45 
X-brush 4 on card column 80 

a. When will field A print? 

b. When will field B print? 

c. When will field C print? 

d. When will field D print? 

e. When will field E print? 
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Fig. p5-l. (Courtesy of International Business Machines.) 
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514 Control Panel. The shaded areas represent special features. 
(Courtesy of International Business Machines. ) 
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Section 
THE 514 REPRODUCING PUNCH 



The primary function of the reproducer 
is to sense the punched holes and repeat 
these punches in other cards. The machine 
can punch any or all of the 80 columns from 
a card or cards into a blank card or cards. 



Repetition is a characteristic of the keep- 
ing of manual records. These operations 
can be performed automatically by the IBM 
514 Reproducer (Fig. 6-1). The reproducer 
has two card-feed hoppers - a read-unit 



Read Unit 
Feed 



Signal Light 
Unit 



Summary 

Puncii 

Cable 



Card Stacl<ers 




Restoring Lever 



Fig. 6-1. IBM 514 Reproducing Punch (Courtesy of International Business Machines. ) 
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hopper on the left, and a punch unit hopper 
on the right. In a reproducing operation, 
one unit of the machine reads previously 
punched cards, while the other unit punches 
blank cards that are to become copies of 
the original. 

Because the card files (original and copy) 
are to remain separate, the machine also 
has two stackers that receive the processed 
cards - one for the cards fed through the 
read unit and the other for the cards fed 
through the punch unit. 

The standard IBM 514 operates at a rated 
speed of 100 cards per minute. The 514 
series 50 is rated at 50 cards per minute. 
These speeds are constant whether repro- 
ducing a card with one column or 80 columns 
of punched data. 

Other functions of the 514 are verifying, 
gangpunching, and summary punching. 

OPERATING FEATURES 

Control panel - determines functions 
that the machine is to perform 

Start and stop keys - control the card 
feeding 

Reset key - reset double punch and blank 
column detection circuits 

DP (double punch) and BC (blank column) 
light (optional) - are extinguished by pushing 
the reset key. 

Compare light - indicates an error in 
verifying and stopping of card feeding. Ex- 
tinguished by pushing reset lever. 

Unlabeled light - indicates no cards are 
being fed 

Two hoppers - each hold 800 cards which 
are fed 12 edge, face down 

Stackers - two stackers hold 1, 000 cards 



each. Card feeding stops automatically 
when either stacker is filled. 

SCHEMATIC 

In order to comprehend fully how any of 
the unit record machines function, one must 
understand the machine's schematic and be 
able to relate the schematic to the hubs on 
the control panel. Figure 6-2 shows the 
schematic of the 514 Reproducing Punch, 
the read, and the punch units. 

We will now discuss the card paths. The 
card from the read feed hopper passes be- 
neath the 5 read X-brushes which perform 
the same function as the X-brushes of the 
548 Interpreter. They can be positioned 
over any column. The card is then read by 
the 80 reproducing brushes which are sim- 
ilar to the reading brushes of the 548 In- 
terpreter. The card passes these two sta- 
tions on one card cycle. The next cycle in 
the card path is the 80 comparing brushes. 
Therefore when the 5 row of the first card 
in the reading unit is being read by the com- 
paring brushes, the 5 row of the ncixt card 
is being read by the reproducing brushes. 
The card is then moved into the stacker. 

The card from the punch feed hopper first 
passes beneath the 6 punch X-brushes, which 
are similar to the X-brushes of the 548 In- 
terpreter and can be positioned over any 
column. Next the card passes above the 
mark- sensing brushes (if the machine con- 
tains this special feature). The card then 
proceeds to the punching dies, which do the 
actual punching. This movement is the first 
card cycle. During the next cycle, the card 
passes under the 80 punch brushes iind then 
into the stacker. 
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Fig. 6-2. Schematic of IBM 514 (Courtesy of International Business Machines.) 
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Both units are used together during many 
operations. At that time, due to the fact 
that the two units are synchronized, the 
cards are fed simultaneously through both 
units. Therefore when the X row of a card 
in the reading unit is being read by the read 
X-brushes, the X row of the card in the 
punching unit is being read by the punch X- 
brushes. At the time the 4 row of a card is 
being read in the reading unit by the repro- 
ducing brushes, the 4 row of a card in the 
punching unit is at the punch position. As 
the card in the reading unit passes to the 
comparing brushes, the card in the punch 
unit passes on to the punch brushes. At the 
same time the 4 row in the card in the read- 
ing unit is being read by the comparing 
brushes, the 4 row of the card in the punch- 
ing unit is being read by the punch brushes. 

In summary, when using both feeds in a 
reproducing operation, the same row is be- 
ing read or punched by the reproducing 
brushes, comparing brushes, punch mag- 
nets, and punch brushes. Therefore, one 
should be aware that the card is being 
punched in parallel (Fig. 6-3) and not se- 
rially as the key punch. That is why the 
number of punched columns does not affect 
the reproducing time. 





Fig. 6-3. Parallel punching (Courtesy of 
International Business 
Machines.) 

REPRODUCING 

In reproducing operations the reading and 
punching units are synchronized. The orig- 
inal (source) cards are placed in the read- 
ing unit. The cards to be punched (the re- 
produced cards) are placed in the punching 
unit. The entire card need not be blank; only 
the columns to be punched should be blank. 
As the card feeds in the reading unit, a card 



feeds in the punching unit. As the card in 
the reading unit passes under the reproduc- 
ing brushes, the punched information is 
sensed and transmitted to the punch magnets. 
The card under the punch magnets is then 
punched. 

Reproducing enables you to have any 
data in a card automatically punched into 
another card, thereby avoiding additional 
keypunching. 



5 1 4 REPRODUCER SCHEMATIC 




REPaODUCING BRUSHES 



PUNCH MAGNETS 



Fig. 6-4. Schematic of reproducing 
(Courtesy of International 
Business Machines. ) 

There are four types of reproducing: 
Straight reproducing, offset reproducing, 
selection, and selective reproducing, all of 
which will be discussed later. 

The schematic for straight, offset, selec- 
tion, and selective reproducing is the same 
(Fig. 6-4). The reproducing brushes are 
wired to the punch dies. The card we take 
information from must pass under a set of 
reproducing brushes at the same time the 
cardwewant to punch passes under the punch 
magnets. The proper card columns to be 
read and punched must be connected by wires. 

STRAIGHT REPRODUCING 

Straight reproducing is the punching of 
data into the same card columns as those 
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from which it is read; field A into field B 
of Fig. 6-5. 
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Fig. 6-5. Control-panel wiring for offset 
and straight reproducing 

OF F SE T RE PR CD UCING 

Offset reproducing is the process of 
punching into columns different from the 
columns of the source card being read in 
the read unit. For example, offset repro- 
ducing would be performed if one wanted to 
produce an employee's weekly attendance 



card from the employee's master card, and 
the information had to be reproduced into 
different card columns. Figure 6-5 field C 
into field D shows an example of offset re- 
producing wiring. 

When doing any type of reproducing, 
the reproduce switch (Fig. 6-6) must be 
on in order to synchronize the reading and 
punching feeds. When a card is fed in the 
reading unit, one is fed in the punching 
unit. If either hopper empties, the ma- 
chine automatically stops. The reproducing 
switch must be on when the two feeds are 
used to perform a single operation. It is 
turned off when the two feeds operate inde- 
pendently to perform separate operations 
or when only one feed is used. 

PROBLEM 1: Reproduce card columns 30 
to 36 into card columns 30 to 36 and card 
columns 75 to 80 into card columns 75 
to 80. 

PROBLEM 2: Reproduce columns 22 to 25 
into columns 8 to 11. 

VERIFICATION 

The reproduced data can be verified one 
card cycle later, during the same operation. 
As the source card passes the comparing 
brushes in the read feed, the corresponding 
reproduced card passes the punch brushes 
in the punch feed. If the holes sensed by 
the two sets of brushes are in the same po- 
sition, the machine continues. If there is 
any discrepancy the comparing light goes 
on, and the machine stops. At the same 
time the comparing indicator (Fig. 6-1) 
shows which comparing positions recognized 
the discrepancy, 

A comparing check is advisable since it 
does not involve any additional machine time. 
Verification by comparing is available in 
two capacities - 45 or 80 columns of com- 
paring positions. The standard machine 
contains 45 comparing magnets. 




Fig. 6-6. IBM 514 switches (Courtesy of International Business Machines.) 
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If card feeding stops for a comparing 
error, remove the cards from both hoppers 
and stackers. Note the comparing indicator 
for the comparing magnet which found the 
error. Push the restoring lever (Fig. 6-1) 
and press the start key to run-out the cards 
in the machine. The discrepancy is in one 
of the two first cards in the stacker. 

45 or 80 COMPARING MAGNETS: Y-AB, 
1-20, AC-AF, 1-20 

The comparing magnets are comprised 
of two sets of opposing hubs. Normally, 
one set is wired from the punch brushes, 
and the other set is wired from the com- 
paring brushes. These same hubs are used 
for mark sensing and summary punching. 
A comparing magnet is formed by two 
opposing magnets with an armature between 
them (Fig. 6-7). The magnets are wired 
READ BRUSH SET #1 READ BRUSH SET #2 




Control' 
Panel 
Wire 



Control- 
Panel 
Wire 



Left Hand 
Magnet 



Right Hand 
Magnet 



Fig. 6-7. Comparing (equal condition) 
(Courtesy of International 
Business Machines.) 

from two sets of reading brushes, each hub 
of the reading brushes being wired to a com- 
paring magnet hub. If the same row is 
punched in the same column, an impulse 
will travel to the magnets at the same time. 
If the magnets are impulsed at the same 
time, their attracting power is balanced. 
When this happens, the armature remains 
centered. The armature will be attracted 
to one of the magnets if the magnet is im- 
pulsed before the opposing magnet is im- 
pulsed. In Fig. 6-7, cards A and B both 



containa 5 punchin the same column; there- 
fore, the armature remains stationary. In 
Fig. 6-8, card A contains a 5 punch and 
card B contains a 9 punch. Since the cards 

PAIR 1 




Magnetized 



Fig. 6-8. Comparing (unequal condition), 
5 and 9 impulses (Courtesy of 
International Business 
Machines. ) 

are fed 12 edge first, the impulse from the 
5 row is available first. When this impulse 
arrives at the magnet, it attracts the arma- 
ture to leave its center position and to make 
contact with the magnet. The schematic of 
this operation can be seen in Fig. 6-9. An 
example of wiring for straight reproducing 

COMPARING UNIT 
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Fig. 6-9. 



Schematic of comparing unit 
(Courtesy of International 
Business Machines.) 
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and verification and offset reproducing and 
verification is shown in Fig. 6-10. Notice 
that in the wiring of offset reproducing the 
comparing brushes and reproducing brushes 
use the same columns. This is because 
the columns that were reproduced are next 
read by the comparing brushes. The wires 
from the punch magnets and the punch 
brushes use the same columns. This is be- 
cause the columns punched by the punch dies 
must next be read by the punch brushes. 
Any comparing-magnet hubs can be used as 
long as opposing magnets are wired. 
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Fig. 6-10. Wiring for straight 
reproducing and 
verification and 
wiring for offset 
reproducing and 
verification 

PROBLEM 3: Add the wiring for verification 
to your diagram for PROBLEM 1. Use 
comparing magnets 25 to 30 and 32 to 37. 



PROBLEM 4: Add the wiring for verification 
to your diagram for PROBLEM 2. Use 
comparing magnets 1 to 4. 

COLUMN SPLITS: E-G, 11-20 

Column splits were called X-eliminators 
on the 548 Interpreter. The only difference 
is that, on the 514 Reproducer, a switch 
does not have to be wired to make the col- 
umn splits operative. 

PROBLEM 5: Reproduce from card columns 
31 to 35 into card columns 41 to 45. Use 
comparing magnets 11 to 15 for verifica- 
tion. Eliminate any X punch that may be 
punched in column 35. Punch the X in 
column 46. Remember also to verify the 
X punch. 

GANGPUNCHING 

Gangpunching is the reproducing of infor- 
mation from a master card into the follow- 
ing detail cards. Gangpunching permits 
automatic reproducing of repetitive data. 
Information can be keypunched into a master 
card. This data can then be gang-punched 
back into the following cards. An applica- 
tion would be togangpunch the date into cash 
receipts cards (Fig, 6-11). Only the punch 
unit is used to perform gangpunching. 
Therefore all switches are in the off po- 
sition. 



DETAIL CARDS 



MASTER 
CARD 




Fig. 6-11. Straight gangpunching 

(Courtesy of International 
Business Machines.) 

As in reproducing, there are several types 
of gangpunching - straight, offset, and in- 
terspersed master gangpunching. The sche- 
matic is the same for all three types (Fig. 
6-12). As the master card is read by the 
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punch brushes, the information is punched 
into the card at the punch station. On the 
next card cycle, this card is at the punch 
brushes, and the process is repeated. 



GANG PUNCHING AND COMPARING 
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Fig. 6-12. Schematic of gangpunching 
and comparing (Courtesy of 
International Business 
Machines.) 

STRAIGHT GANGPUNCHING 

Gangpunching, as shown in the schematic, 
involves having the punch brushes being 
wired to the punch magnets. In straight 
gangpunching, the data from the master card 
is gangpunched into the following cards in 
the same card columns as shown in Fig. 
6-13. Straight gangpunching is column for 
column gangpunching from one card to an- 
other. Only one master card is required. 

Before we consider interspersed master 
gangpunching or offset gangpunching, we 
will explore the verification of gangpunched 
cards. 

GANGPUNCH VERIFICATION 

One can sight check by looking through 
the holes of the punched columns or vis- 
ually comparing the master card with the 
last detail card (Fig. 6-14). This is be- 
cause if there were an error, the error 
would be perpetuated to the last detail card. 

Another method of gangpunch verification 
is using the comparing feature of the read 
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Fig. 6-13. Wiring for gangpunching 
(Courtesy of International 
Business Machines.) 




Fig. 6-14. Verification of gangpunching 
(Courtesy of International 
Business Machines.) 

unit. In fact, one can verify while still 
gangpunching, since the read unit is not 
used to gangpunch. This can be accom- 
plished by removing cards from the punch 



44 



THE 514 REPRODUCING PUNCH 



stacker and placing them into the read feed 
hopper. The schematic for the gangpunch- 
ing and verification operation is shown in 
Fig. 6-12. The wiring for verification of 
straight gangpunching is carried out by hav- 
ing the card at the comparing brushes com- 
pared to the card at the reproducing brushes. 
On the foHowing card cycle, the cards will 
move up. Then the card that was at the 
comparing brushes will feed into the stacker, 
and the card at the reproducing brushes 
will move to the comparing brushes where 
it will be compared with the card that just 
fed from the hopper to the reproducing 
brushes . 

As long as the cards agree, the opera- 
tion continues. If they disagree the machine 
stops, and a light signals an error. The 
comparing magnet in error is indicated in 
the comparing indicator unit. Remember, 
the column in error is not indicated unless 
the same numbered comparing magnets as 
the card columns being compared are used. 
The wiring to perform verification and gang- 
punching simultaneously is shown in Fig. 
6-15. 



PROBLEM 6: Gangpunch data into card 
columns 17 to 21 and card columns 30 to 
34, from a master card containing these 
two fields in the same card columns. 




PROBLEM 7: Add the wiring necessary for 
verification of the gangpunching in PROB- 
LEM 6. Use comparing magnets 26 to 35. 

EMITTER: G, 1-10 and H, 1-2 

The Emitter, which has 12 hubs, one for 
each punching row, is a useful special fea- 
ture for such operations as gangpunching 
without a master card. The emitter is ca- 
pable of generating its own impulses. Figure 
6-16 shows some data being gangpunched 
from a mastercard while other data is being 
emitted. Notice that the letter A is being 
emitted into column 55. 



PROBLEM 8: Gangpunch columns 60 to 63 
into 60 to 63. Reproduce columns 64 to 
68 into 64 to 68 and verify. Eliminate 



Fig. 6-15. Wiring for gangpunching 
and verification 

the X punch in column 68. Remember 
also to eliminate the X punch when veri- 
fying. Use comparing magnets 64 to 68. 

READ X-BRUSHES (Fig. 6-2) 

There are five read X-brushes on the 
read unit. There is also a five-hub X-panel 
to acceptwired impulses from these brushes. 
The impulse is then available from the read 
X BR hubs (J, 5-9) on the control panel. 
The five numbered hubs correspond to the 
five hubs on the X-panel. The read X-brush 
hubs on the control panel are usually wired 
to the two common RX hubs (H, 5 and 6) or 
the RX pickup hubs of the selectors (X, 18 
or X, 1). 
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Fig. 6-16. 



Gangpunching 
emitter wiring 



PUNCH X- BRUSHES (Fig. 6-2) 

The six punch X-brushes function the 
same way as the read X-brushes, except 
that they are located in the punch unit. The 
X impulses that they read are available from 
the six PX BR hubs (P, 1-6) on the control 
panel. These hubs are normally wired to 
PX hubs(H, 8 and 9) or the selector P pick- 
up hubs (X, 2 or X, 19). 

PX AND PD HUBS: H, 8-10 

The common PX hubs accept impulses 
from the PX brushes. The PX hubs will be 
effective either from X master cards or NX 
mastercards depending on the setting of the 
detail master switch (Fig. 6-6). If the 
switch is set to master, the PX hubs will 
be effective for X master cards. If the 
switch is set to detail, the PX hubs will be 
effective for NX masters. The schematic 



of the PX function is depicted in Fig. 6-17. 
The impulse to the PX hub is available one 
cycle later from the PD hub. If the PX is 
effective, the functions of the machine will 
be affected in three ways, for either X or 
NX master, depending upon the setting of 
the master-detail switch. 

The three functions that can be made in- 
operative by impulsing the PX hub are: 

1. Punch magnets 

2. Read unit card feed 

3. Comparing magnets 

Certain functions must be inoperative for 
one card cycle in order to perform the fol- 
lowing: 

1. Interspersed master gangpunching 

2. Selective reproducing 

3. Reproducing and interspersed mas- 
ter gangpunching. 

Most of the above operations will be ex- 
plained, and you will see why certain func- 
tions of the machine must be crippled for 
one card cycle. 

PX FUNCTION 




Fig. 6-17. PX function (Courtesy of 
International Business 
Machines. ) 
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INTERSPERSED MASTER GANGPUNCHING 

Interspersed gangpunching occurs when 
many groups of detail cards are each pre- 
ceded by an individual master card from 
which data must be punched. Instead of 
processing each group separately (straight 
gangpunching), the groups are processed 
together, as one complete file, because of 
the great reduction in card-handling time. 
This results in a much faster operation, es- 
pecially when some of the groups contain 
only a few cards. 

A typical interspersed gangpunching op- 
eration can be found in a payroll application 
where employee master cards are used to 
gangpunch hourly rates into individual job 
tickets (Fig. 6-18). 

Each employee may receive a pay rate 
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different from the one preceding or follow- 
ing him. We want to pick up new gang- 
punching data as each new master card is 
fed into the machine. In addition, we must 
suspend gangpunching when the last detail 
card of each group passes the punch brushes^ 
or the rate for that employee will be over- 
punched in the following employee's master 
card and, from there, into the detail cards. 
This is called lacing. 

Suspending punching from group to group 
is controlled by the X punches. The X may 
be placed in either the master card or the 
detail cards. The punching of master cards 
is suspended by the presence or absence of 
the X punch which is detected by the punch 
X-brushes. Figure 6-19 shows the sche- 
matic for interspersed master gangpunching. 
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Fig. 6-18. 



Interspersed gangpunching 
(Courtesy of International 
Business Machines.) 



Fig. 6-19. Schematic of inter- 
spersed master 
gangpunching 

In this illustration, the last detail card of 
the previous group is under the punch brushes 
and the X master card of the next group is 
under the punching dies. If the punching dies 
were not made inoperative at this time, the 
item description "screws" would be punched 
back into the field containing the item de- 
scription "nails" and laced cards would re- 
sult in all of the following cards. Figure 
6-20 illustrates the wiring for an inter- 
spersed master gangpunching operation. 

The master-detail switch must be set to 
the proper position, depending on whether 
the X punch is in the master or detail cards. 
A punch X-brush must be positioned- and 
wired to the six-hub panel, and all of the 
switches must be off. 

Verification of interspersed master gang- 
punching is accomplished by the use of the 
RX and RD hubs (H, 5 to 6), which are wired 
from the read X-brush hubs (Fig. 6-21). 
Like the PX hub, the RX hub is effective for 
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RX FUNCTION 




Fig. 6-20. 



Wiring for inter- 
spersed master 
gangpunching 



either an X or NX master, depending on the 
setting of the master-detail switch. When 
the RX is effective, and the X or NX master 
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Fig. 6-21. RX function (Courtesy of Inter- 
national Business Machines. ) 

card is at the reproducing brushes and the 
preceding card is at the comparing brushes, 
comparing is inoperative for one cycle (Fig. 
6-22). If the comparing was not inoperative 
at this time, the last detail card of the pre- 
ceding group would be compared with the 
mastercard of the next group. The impulse 
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Fig. 6-22. Schematic of verification of interspersed master gangpunching 
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previous example is illustrated in Fig. 6-23. 

PROBLEM 9: Wire a diagram for an inter- 
spersed master gangpunching and verifi- 
cation. Gangpunch into card columns 67 
to 72. Use PX Brush 6, RX Brush 1, 
and comparing magnets 35-40. 

SELECTIVE REPRODUCING 

We know that the read X-brushes at the 
control station can recognize distinctive X 
punches in cards and signal various machine 
operations. In this way, it is possible to 
pass a master file of cards through the read 
side of an automatic punch and reproduce 
only those cards with a control X or only 
those without the control X. This is called 
selective reproducing. 

An example of this might be the repro- 
ducing of all the cards in a certain product 
category from a file of perpetual inventory 
cards. The inventory cards in the special 
category have a distinctive X punch. 

By selective reproducing, only the cards 
with Xs are reproduced (Fig. 6-24). A 
blank card passes through the punch feed 
for every card not reproduced. Then the 
reproduced set is sorted to remove the blank 
cards so that only the special-category cards 
remain. 



Fig. 6-23. 



Wiring for inter- 
spersed master 
gangpunching and 
verification 



to the RX hub is available from the RD hub 
one cycle later. If you are performing in- 
terspersed master gangpunching and verifi- 
cation at the same time, the SEL REPD and 
GP compare switch must be on and the re- 
produce switch off. The RX hub is used for 
verification of offset and interspersed- 
master gangpunching. 

When on, the SEL REPD compare switch 
allows continuous feeding in the reading unit. 
The switch should be on only when a selective 
reproducing or a gangpunch and comparing 
operation is being run. If the switch is off, 
an impulse to the PX hub causes the feeding 
in the reading unit to stop for the following 
card cycle, while a card is fed in the punch- 
ing unit. The verification wiring for the 




Blank 
Cards 



Fig. 6-24. Selective reproducing 

(Courtesy of International 
Business Machines.) 

The wiring for selective reproducing is 
illustrated in Fig. 6-25, The reproduce 
switch must be on and all other switches 
must be off, A read X-brush must be po- 
sitioned over the card column containing the 
X control punch. In Fig, 6-25, the read X 
control brush is wired to hub 2 of the five- 
hub panel. 
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Fig. 6-25. 



Wiring for selective 
reproducing 



SELECTIVE REPRODUCING AND VERIFI- 
CATION 

Selective reproducing and verification can 
take place on the same pass (Fig. 6-26). 
The comparing magnets are inoperative on 
the following cycle when the blank card is 
under the punch brushes and the nonre- 
produced cards are under the comparing 
brushes. The reproduce switch and the se- 
lective reproduce and gangpunch compare 
switch must be on. All other switches must 
be off. 

If the reproduce switch is on and the PX 
hub receives an impulse, comparing will be 
inoperative during the following cycle. If 
the switch is off and the RX hubs receive an 
impulse, comparing is inoperative during 
the same cycle. Figure 6-27 illustrates 
the wiring necessary for selective repro- 
ducing and verification. 

PROBLEM 10: Draw a diagram to reproduce 
cards selectively and verify. Reproduce 
columns 45 to 49 into columns 45 to 49. 
Use PX brush hub 1 and comparing mag- 
nets 30-34. 

SELECTORS 

The two special-feature selectors can be 
found on the control panel at U-X, 1-10 and 
at U-X, 11-20. Each selector can be picked 
up (transferred) by one of three hubs. These 
three hubs are labeled R, X P, and T 
and are located on the control panel at X, 



RH 




NOT 
REPROD 



Fig. 6-26. Schematic of selective reproducing operation with comparing 
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Fig. 6-27. Wiring for selective 
reproducing opera- 
tion with comparing 

1-3 and X, 18-20. When one of these hubs 
is impulsed, the entire corresponding se- 
lector is transferred (Fig. 6-28). The T 
hub is used in conjunction with summary 
punching and will not be discussed in this 
section. 

The PX pickup hub should be used if the 
selector must hold for a punching-unit card 
cycle. This hub may be impulsed from the 
PX, PD, or one of the PX brush hubs. The 
RX pickup hub should be used if the selector 
must hold for a reading-unit card cycle. 
This hub may be impulsed from the RX, RD, 
or one of the RX brush hubs. 

As on the 548 Interpreter, we are con- 
cerned with field and class selection. On 




CHO 

SELECICK 
PICK UP 



SELECTOR (NORMAL) 
COMMON/NORMAL HUBS CONNECTED 




SELECTOR 
PICK UP 



SELECTOR (TRANSFERRED) 
COMMON/TRANSFERRED HUBS CONNECTED 



Fig. 6-28. Selectors (normal and trans- 
ferred) (Courtesy of Inter- 
national Business Machines. ) 

the 548 Interpreter, we were concerned 
with printing one of two fields in one place 
or printing one field in one of two places. 
On the 514 Reproducer we have the same 
problem, except now we want to punch rather 
than print. 

FIELD-SELECTED REPRODUCING 

It is sometimes necessary to select in- 
formation from one of two punched fields in 
source cards and reproduce the selected field 
into a single field in the reproduced cards. 
This operation is called field-selected repro- 
ducing. 

An example of this operation can be found 
in payroll, where it is necessary to repro- 
duce attendance cards from the master pay- 
roll file. Two hourly rates are punched in 
the employee master card - a first-shift rate 
and a second- shift rate. Second- shift cards 
are identified by an X-punch code (Fig. 6-29). 

An example of the wiring necessary to 
accomplish the above is illustrated in Fig. 
6-30. This figure illustrates straight, off- 
set, and field-selected reproducing. 

Now we shall see how we would verify on 
the same pass (Fig. 6-31). 

In Fig. 6-30 you could also wire from 
Read X Brush 3 directly to R PU. 
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Fig. 6-29. Field-selected reproducing (Courtesy of International Business Machines.) 
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Fig. 6-30. Wiring for field- 
selected reproducing 



Fig. 6-31. Wiring for field- 
selected reproducing 
and verification 
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CLASS SELECTED REPRODUCING 

In class selection we always read one 
field and punch into one of two possible 
fields, depending on whether the source 
card is an X or NX card (Fig. 6-32). We 
have the same considerations in verifying 
class selection as in field selection (Fig. 
6-33). The reproduce switch is on for se- 
lected reproducing. 



COMPARING CLASS SELECTION 



REPRODUCING CLASS SELECTION 



PUNCH 




NX CARD 
CC 35-39 



READ 



CC 65^69 



PUNCH 




PUNCH 
MAGNETS 



X CARD 
CC 35-39 



CC5-9 



Fig. 6-32. 



Schematic of reproducing class 
selection (Courtesy of Inter- 
national Business Machines. ) 



PROBLEM 11: Wire for class selected re- 
producing and verification. Reproduce 
card columns 35 to 39 into card col- 
umns 65 to 69 for NX cards and into 
card columns 5 to 9 for X cards. Use 
read X hub 5, comparing magnets 21 to 
25 and the first five positions of selec- 
tors one and two. 

OFFSET GANGPUNCHING AND 
VERIFICATION 

Offset gangpunching and verification are 

the last functions of the 514 to be explained. 

In our discussions of straight gangpunch- 



COMPARING 
BRUSHES 



NX CARD CC 35-39 



COMPARING UNIT 



COMPARING 
BRUSHES 



X CARD CC 35-39 




COMPARING UNIT 



Fig. 6-33. Schematic of comparing class 
selection (Courtesy of Inter- 
national Business Machines.) 
ing and interspersed gangpunching, the in- 
formation read from the master card was 
located in the same card columns as the 
gangpunched information in the detail cards. 
We called this column - for - column gang- 
punching. Most jobs using gangpunching 
(straight or interspersed) are done this way. 
Whenever it is possible, cards are designed 
so that common information falls in the same 
fields in all of the cards involved. This is 
not only to make gangpunching more con- 
venient, but also to make card handling, in 
general, more efficient. 

Offset gangpunching accommodates gang- 
punching common information in which the 
card fields are not the same in the detail 
cards as in the masters (Fig. 6-34). 

In the production cards shown, the mas- 
ter job cards contain the job number and the 
order number. This information is common 
to all the job tickets used as the production 
pieces move through the plant. But in some 
instances, problems of card design make it 
impossible to use the same card fields for 
the order number. Therefore, when job 
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number and order number are gangpunched 
from the master cards into the job tickets, 
order number must be offset from columns 
61 to 70 In the masters to columns 71 to 80 
in the detail cards. 

The master card feeds in first. No 
punching takes place. Then the punch 
brushes read columns 1 to 10 (job number) 
and punch into columns 1 to 10 in the next 
card which is adetail card. Simultaneously, 
the punch brushes read columns 61 to 70 
(order number) in the mastercard and punch 
into columns 71 to 80 of the detail card. 

The cards move one station, and the first 
detail card is now at the punch-brush sta- 
tion; the second detail card is at the punch 
station. The punch brushes can read col- 
umns 1 to 10 just as they did with the first 
card, but there is no punching in columns 61 
to 70 as there was before. Now the infor- 
mation is in columns 71 to 80. This is the 
problem of offset gangpunching, and it re- 



quires the use of selectors to handle it. A 
selector group must be used to pick up the 
proper field. A second selector group must 
be used to check the gangpunching. The 
wiring to accomplish the above example can 
be seen in Fig. 6-35. 

When just offset gangpunching, all 
switches are off; but if we are verifying at 
the same time, the SEL REPD and GP comp 
switch is on. 

PROBLEM 12: Wire the diagram to accom- 
plish the following offset gangpunching 
and verification. The master gangpunch 
card had the data that is to be gangpunched 
in columns 45 to 48. It is to be gang- 
punched back into columns 52 to 55. Use 
the last four positions of selector one for 
the gangpunching and the last four posi- 
tions of selector two for the verification. 
Use PX brush hub 2 and RX brush hub 2. 
Use comparing magnets 1 to 4. 
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Fig. 6-34. Offset gangpunching (Courtesy 
of International Business 
Machines. ) 



Fig. 6-35. Wiring for offset 
gangpunching and 
verification 
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SUMMARY OF PX HUB FUNCTIONS 

Depending on the setting of the detail master switch, the PX Hub is effected 
for NX or X cards in the following ways: 



Inoperative 



When 



O peration Bein g Performed 



Prevents 



Punch X or NX master gang- Interspersed master gang- Punching into the mas - 

magnets punch cards are under punching ter gangpunch cards 

the punch dies 

Read unit X or NX master gang- Combined reproducing and Punching into the mas- 
card feed punch cards are under gangpunching ter gangpunch cards 
the punch dies 

Comparing One cycle later when Selective reproducing and Comparing the blank 

circuitry the X or NX card is verification card at the punch 

under the comparing brushes with the non- 

brushes reproduced card at the 

comparing brushes 



SWITCH SETTING SUMMARY 



O peration 



Switches Sgt On 



Gangpunching (all types) 



NONE 



Interspersed master gangpunching with verification 



SEL REPD and GP COMP 



Offset gangpunching with verification 



SEL REPD and GP COMP 



Reproducing (all types) 



REPRODUCE 



Selective reproducing with verification 



REPRODUCE and SEL 
REPD and GP COMP 



Combined reproducing and gangpunching 



REPRODUCE 



OFF 



RX 



No comparing on the same cycle. 

Two feeds operated Independently to perform separate 

operations or when only one feed is used. 



SELREPD 
AND GP 
COMP 



ON 



NONE 



Allows continuous feeding in the reading unit. 



OFF 



PX 



The feeding in the reading unit will stop on the same 
card cycle, while a card is fed in the punching unit. 






SUMMARY OF REPRODUCE AND SEL REPP AND GP COMP SWITCHES 



SWITCH 



REPRODUCE 



CONDITION HUB IMPULSED 



ON 



PX 



EFFECT 

No comparing on the following cycle. 
Synchronizes the reading and punching feeds. 
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SUMMARY OF MASTER-DETAIL SWITCH 



05 



SWITCH 



PXHUB 



MASTER Impulsed 
by X 



FUNCTION INOPERATIVE 



WHEN THE 



Punching in the same cycle X card is under the punch dies or the repro- 
ducing brushes. 



Comparing on the following 
cycle 



X card is under the comparing brushes or 
under the punch brushes. 



Read unit for the same cycle 



X card is under the punch dies or under the 
reproducing brushes. 



DETAIL 



Not impulsed 
by X 



Punching on the same cycle NX card is under the punch dies or under 

the reproducing brushes. 

Comparing on the following NX card is under the comparing brushes or 
cycle under the punch brushes. 



Read unit for the same cycle NX card is under the punch dies or under 

the reproducing brushes. 
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SUMMARY OF THE EX AND PX HUB FUHCHQNS 

Depending on the setting of the detail master switch, the PX and the RX hubs are effected 

for NX or X cards in the following ways: 



Hub Inoperative 

PX Punch magnets on the same 
cycle 

Read unit card feed if the 
SEL REPD GP COMP 
switch is off-"- 

Comparing circuitry on the 
following cycle if the re- 
produce switch is on^ 



RX*^ Comparing circuitry on the 
same cycle if the repro- 
duce switch is off and the 
SEL REPD GP COMP 
switch is on^ 



When 

X or NX master gangpunch 
cards are imder the punch 
dies 

X or NX master gangpunch 
cards are imder the punch 
dies 

One cycle later when the X 
or NX card is under the 
comparing brushes 



X or NX master card is 
under the reproducing 
brushes and the preceding 
card is under the compar- 
ing brushes 



Operation Being Performed 

Interspersed master gang- 
punching or selective repro- 
ducing 

Combined reproducing and 
interspersed master gang- 
punching 

Selective reproducing 



Verification of offset or in- 
terspersed master gang- 
punching 



Prevents 

Punchii^ into the master 
gangpunch cards 

The source card from 
being fed and therefore 
not being reproduced 

Comparing the blank card 
at the punch brushes with 
the nonreproduced card 
at the comparing brushes 

Comparing the card at 
the comparing brushes 
with the card at the re- 
producing brushes 






S 
§ 

o 
I— I 

o 



o 



1 The feeds would operate independently if the SEL REPD GP COMP switch was on. 

2 If the Reproduce Switch was off, the feeds would not operate together and comparing 
would be inoperative on the same cycle. 

3 The RX hub is impulsed in order to obtain an impulse from the RD hub on the fol- 
lowii^ cycle for field or class selection. 

4 If tiie SEL REPD GP COMP switch was off during verification, the read unit would 
be stopped for one cycle. 






58 



THE 514 REPRODUCING PUNCH 



514 Reproducer Questions 
Fill in blank spaces 

1. The X reading brushes on the 514 are 

used to read X cards in the 

unit. 

2. Excluding X-brushes, there are 



(give the number) reading stations on 
the 514. 

3. The 514 and 402 are connected by cable 
for the operation known as 

4. Cards can be reproduced in four ways - 

straight reproducing, 

reproducing, 



reproducing, and. 



.reproducing. 



Assume card columns 50 to 56 are to 
be reproduced in card columns 70 to 
76, and comparing magnets 30 to 36 are 
to be used. What card columns would 
be wired to compare magnets from 
punch brushes? 

On a 514 Reproducer column splits are 
frequently used in an operation known 

as 

In a gangpunching operation wires must 

connect the with the 

(name of the stations 



connected). 

In interspersed master gangpunching 
you want to prevent gangpunching from 

the last card into the 

card. 



The comparing indicator denotes the 

in which the error 

was detected. 



10. Cards are fed 



.edge, face. 



11. If it takes 10 minutes to reproduce 1,000 
cards that have 80 columns of punched 
data, it takes minutes to reproduce 



punched data. 

12. The selectors on a 514 are internally 
wired so that normal and common are 
connected when . 

13. The selectors oh a 514 are internally 
wired so that normal and transferred 
are connected when . 

14. If the PX hub is impulsed, the impulse 
is available one cycle later from the 

hub . 

15. Draw a schematic diagram of the 514 
Reproducer (label all stations). 

Multiple choice 

16. In Fig. P6-1 RX brush 1 is over card 
column 80. Card columns 41 to 45 will 
be punched in 

a. card columns 67 to 71 for all X80 
cards, card columns 44 to 48 for 
all NX cards. 

b. card columns 44 to 48 for all X80 
cards, card columns 67 to 71 for 
all NX80 cards. 

c. card columns 67 to 71 for all cards. 

d. card columns 44 to 48 for all cards. 

17. What will punch in card column 17? 

18. In Fig. P6-2, RX brush 1 is on card 
column 75. Card columns 50 to 53 will 
be reproduced in card columns 55 to 
58 for 

a. all cards. 

b. all X75 cards. 

c. the card following an X75 card. 

d. all NX75 cards. 

19. In Fig. P6-3 operation is to reproduce 
card columns 30 to 34 into card columns 
35 to 39. Which numbered wire is in- 
correct? 

a. 1 

b. 2 

c. 3 

d. 4 



1,000 cards that have 40 columns of 20. What will punch in card column 25? 
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Fig. p6-l (Courtesy of International Business Machines. ) 
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Fig. p6-2 (Courtesy of International Business Machines,) 
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Fig. p6-3 (Courtesy of International Business Machines.) 



62 



Alphobetie 
Collating J ^^^^ 
DsvicB ^.^^^<^ 




tS ZB 30 



3S 3S 40 





ftc r »#f« r* ■''*^ ^ — T i" 

aii<so««{e eo O c r n n i o u t? a 

( t MMCt 1* l»* ■ > lt« 



Collator 
Counting 
Device 



Split 

Selector 

and 

Sequence 

Unit 

Device 



i. 



8 ^ <• 



O-'-'O « t. 



85 Control Panel. The shaded areas represent special features. 
(Courtesy of International Business Machines. ) 



7 



Section 
THE 85 COLLATOR 



The IBM 85 Collator is a filing machine pattern for subsequent processing (Fig. 7-1). 
that arranges cards into a predetermined The function of the collator is to feed and 
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Fig. 7-1. IBM 85 Collator (Courtesy of International Business Machines.) 
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compare two files of punched cards simul- 
taneously and match and combine them into 
one file. 

The two card-feed hoppers, which hold 
about 800 cards each, are called the 
primary- and secondary - feed hoppers. 
Unlike the previous machines we have cov- 
ered, the feed hoppers of the collator must 
be impulsed by control-panel wiring to cause 
card feeding. Cards are fed 9-edge first, 
face down, at a maximum rate of 240 cpm 
per feed. The cards from the two feeds, 
the primary and secondary (Fig. 7-2), feed 



SECOND A n 
SaECTION 
CONTROL 




Fig. 7-2. Schematic of IBM 85 Collator 
(Courtesy of International 
Business Machines.) 

into four stacker pockets. These pockets 
are numbered 1, 2, 3, and 4 from right to 
left. Each stacker is capable of holding 
about a thousand cards before causing the 
machine to stop feeding. The pockets can 
receive cards from specific feeds only; 

Pocket Feed 

1 Primary 

2 Primary and Secondary 

3 Secondary 

4 Secondary 

The four basic operations that can be per- 
formed on the collator are: 

1. selecting specific cards from a file 

2. sequence checking the cards in a file 

3. merging two files into one complete 
file with or without selection 

4. matching two files while selecting out 
any unmatched cards from each file. 

OPERATING FEATURES 

The main-line switch controls the ma- 
chine's power and must be turned on before 
operating. 



When the stop key is pressed, card feed- 
ing is stopped. When the last card is fed 
from either hopper, the machine stops. 
Then the run-out key must be pressed until 
the feed is emptied of cards. The red error 
light goes onwhenever control-panel wiring 
recognizes an error; then the error reset 
key must be pressed before card reading can 
be restarted. A green running indicator 
light goes onwhenever the main-line switch 
is on and cards are not passing through the 
machine. The start key starts card feeding 
and must be held down for three cycles be- 
fore automatic operation begins. 

There are several sets of hubs that need 
explanation before we can pursue the func- 
tions of the collator. 

PLUG TO C: A-E, 29 

The first of these sets of hubs are the 
five common hubs which emit an impulse on 
every machine cycle. They are used to con- 
trol card feeding and stacker selection either 
directly or through a selector. PLUG TO C 
must never be wired to error stop (F, 41- 
44) either directly or via a selector, be- 
cause it will cause a card jam. 

COMPARING 

The comparing units of the 85 follow a 
logic similar to the comparing magnets on 
the 514 Reproducer. On the 514 we were 
interested only in one of two conditions 
equal or unequal. On the 85 we are con- 
cerned with equal and unequal conditions, 
and additionally with which comparing unit 
is high or low on an unequal condition. Be- 
cause of this, comparing plays a major part 
in the operations of the collator. 

In filing operations, information is com- 
pared with other information to determine 
its proper relationship. Therefore in a col- 
lating machine, the first requisite is the 
ability to compare one item of information 
with another. 

The 85 Collator has two control units, 
the selector unit and the primary - sequence 
unit (Fig. 7-2). Although they are alike in 
function, each is named according to its 
primary operation - primary- sequence unit 
for comparing card sequence in the primary 
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Control input impulse 

Fig. 7-3. 



Schematic of Selector Comparing Unit 
(Courtesy of International Business Machines.) 



feed and the selector unit for comparing 
cards between the feeds. Each control unit 
has two sections, which records one piece 
of numeric data and compares it with nu- 
meric Information in the other section. The 
Selector Comparing Unit (Fig. 7-3) consists 
of the Primary Selector Entry (AA-AB, 1- 
16) and the Secondary Selector Entry (J, 1- 
16). The Sequence Comparing Unit (Fig. 



7-4) consists of the primary-sequence en- 
try (AC, 1-16) and the sequence entry (AD, 
1-16). 

CONTROL EXIT HUBS 

The comparing units of the collator are 
capable of determining three types of con- 
ditions - equal, low, or high. This is ac- 




Control 

input 

impulse 



Fig. 7-4. Schematic of Sequence Comparing Unit 

(Courtesy of International Business Machines. ) 
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complished by sending an impulse through 
the comparing unit. This impulse will travel 
along any available path until it gets to one 
of the functional exit hubs (Fig. 7-4), You 
will notice that in Fig. 7-4, the control im- 
pulse travels via the equal-sequence relays 
until the third comparing position. At the 
third comparing position, the relay is trans- 
ferred to connect with the low-sequence 
path. The exit hubs which emit these con- 
trol impulses are situated at V, 23-25. 
They are three common hubs which emit an 
impulse on every machine cycle. They are 
normally wired to the hubs at U, 24 and 25. 
The SEL and SEQ entry hubs accept control 
impulses to their respective comparing 
units . 

CONTROL EXITS 

The control exits depicted in Figs. 7-3 
and 7-4 are found on the control panel at 
A-F, 23-26. The first three sets of common 
hubs are control exit hubs for the three pos- 
sible resulting conditions from the selector 
unit. The next three sets of common hubs 
(D-F, 23-26) are control exit hubs for the 
three possible resulting conditions from the 
sequence unit. 

The control exit impulses are wired to 
the functional entries (A-F, 41-44) to per- 
form functions such as card feeding, stacker 
selecting, and error stopping. 

An impulse is necessary to restore the 
relays to their center position after the re- 
lays of one of the magnets have been at- 
tracted to one of the two opposing magnets 
(Fig. 7-4). 

RESTORE HUBS 

The impulses available to accomplish 
this come from the restore hubs (W-X, 23- 
26). The four hubs at W, 23-26 are entry 
hubs to the four sections that comprise the 
comparing units. They are S for the sec- 
ondary and P for the primary of the selec- 
tor unit and PS for the primary sequence 
and SEQ for the sequence of the sequence 
unit. These four hubs are wired from the 
four hubs at X, 23-26. These four hubs 
consist of one S hub and three common P 
hubs. The S hub emits on every secondary 
feed, and the three common P hubs emit on 
every primary feed. When these hubs are 



wired to any of the four hubs above them, 
th^y emit impulses on the respective feed 
cycles thatwill restore any transferred re- 
lay in that section of the comparing unit to 
their normal position. If the restore hubs 
are not wired, comparing cannot be accom- 
plished on the next card. 

On the first two run- in cycles, the two 
restore entry hubs (PS and SEQ) and the re- 
store entry hubs for the selector unit (S and 
P) are common internally. Therefore, if 
any one of these four hubs is wired on the 
control panel, all four comparing entries 
will be restored (cleared and read-into) on 
the run-in. This initializes all comparing 
units for the operation to be performed. 

After the first two run-in cycles, all four 
restore hubs become Independent, and the 
comparing entries are restored separately 
according to the control-panel wiring. 

In Fig. 7-5 on the first cycle (A), one 
card is fed from the primary feed hopper 




Fig. 7-5. Schematic of run-in feeding 
(Courtesy of International 
Buriness Machines.) 
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and one from the secondary feed hopper; on 
the second cycle (B), a second card is fed 
from each hopp6r; and on the third cycle 
(C), a third card is fed from the primary 
feed hopper. The secondary feeding is nor- 
mally inoperative, but can be made opera- 
tive by control panel wiring. 

BLANK-COLUMN DETECTION 

Next are the blank-column-detection hubs 
(G-H, 1-8 and Y-Z, 1-8). The machine 
comes equipped with two eight-position 
groups, but you can add two more groups of 
eight positions each. These hubs are used 
to check cards in either feed for blank col- 
umns. Card feeding stops and a blank-col- 
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umn-detection light (BCD 1 or BCD 2) turns 
on, if a blank column is detected. The BCD 
light can be turned off and card feeding re- 
sumed by first pressing the reset key and 
then the start key. The error card will then 
be the next card stacked from the feed con- 
taining the blank column. This operation 
can be performed separately but is normally 
performed in combination with other oper- 
ations. 

BLANK- COLUMN-DETECTION CONTROL 

The blank-column-detection hubs are not 
operative unless their corresponding blank- 
column-detection-control hubs (S-T, 23-25) 
are wired (Fig. 7-6, wire 5). The control- 
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Fig. 7-6. Blank-column detection (both feeds) 

(Courtesy of International Business Machines.) 
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entry hubs are normally wired from either 
the S or P hubs. The S hub emits an Im- 
pulse to hold a unit between secondary feed 
cycles, and the P hub emits an Impulse to 
hold a unit between primary feed cycles. 
The S and P hubs are both wired to control 
blank-column-detection-entry 1 and/or 2 to 
check 16 columns. 

DIRECT IMPULSE 

The DI hubs (G-H, 20; Y-Z, 20) provide 
an Impulse to unused blank-column-detection 
entry hubs, thereby preventing the machine 
from stopping because of a false blank-col- 
umn indication as shown in Fig. 7-6 by wires 
2 and 4. 



READING STATIONS 

The 85 Collator has three reading sta- 
tions (Fig. 7-2). Each station consists of 
80 reading brushes. The one reading sta- 
tion on the secondary feed is called the sec- 
ondary read. The exit hubs of these read- 
ing brushes are at B-F, 1-20. The two 
reading stations on the primary feed are 
called the sequence read AD- AH, 1-20 and 
the primary read U-X, 1-20. These exit 
hubs are wired to the entry hubs of the com- 
paring unit, in order to make comparison of 
the data. 

POCKETS 

It has been pointed out that the 85 Col- 
lator has four pockets or stackers and that 
cards from the primary feed can stack in 
pockets one or two, while cards from the 
secondary feed can stack in pockets two, 
three, or four. 

The primary or secondary feed must be 
impulsed to feed by wiring. When one of the 
four common secondary-feed hubs (C, 41- 
44) or one of the four common primary-feed 
hubs (E, 41-44) is impulsed, a card will be 
fed from the respective feeds. If there is 
no stacker selection wired, the card will 
stack in pocket 2. You can select a card 
from the secondary feed into pocket 4 by im- 
pulsing one of the two common secondary 
select 4 hubs (A, 41-42); or you can select 



a card from the secondary feed into pocket 
3 by impulsing one of the two common sec- 
ondary select 3 hubs (A, 43-44). You can 
select a card from the primary feed into 
pocket 1 by impulsing one of the four com- 
mon primary select hubs (B, 41-44). 



SELECTORS: A-E, 27-32 

These five horizontal selectors consist 
of PU, C, N, and T hubs. They function 
exactly like the vertical selectors encoun- 
tered on the 548 and 514. When the PU hub 
is Impulsed, the internal connection between 
C and N is broken and an internal connection 
between C and T is established. 

SEQUENCE CHECKING (Fig. 7-7) 

We have said that all the information in 
a file should be in accurate sequence. Now 
suppose that a large business organization 
wants to print a roster of all its employees 
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Fig. 7-7. An example of sequencing 
(Courtesy of International 
Business Machines. ) 

by department and by man number. This is 
a simple report-writing operation because 
all that need be done is to process all the 
cards in the personnel file in an accounting 
machine. But if some of the cards are out 
of correct sequence (either in the wrong de- 
partment or out of sequence within a depart- 
ment), it might be necessary to rewrite the 
entire roster report. It is economically jus- 
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tifiable to check the accuracy of the sequence 
in the file. 



THE PRINCIPLE 

As cards pass through the machine, the 
collator compares each card with the pre- 
vious one. Since checking sequence is nor- 
mally done for ascending order, an error 
in sequence is defined as a step-down con- 
dition in which a card is recognized as low- 
er in number than the preceding card. An 
impulse, through control-panel wiring, nor- 
mally stops card feeding and turns on the 
error light. 

Obviously, there should be no equals or 
an employee number is duplicated. If the 
machine recognizes a low situation, a card 
is out of sequence, and it should be brought 
to the attention of the operator in some way. 
If the machine recognizes a high situation, 
it is perfectly all right, and the operation 
should proceed. 

The employee cards feed from the pri- 
mary hopper into the machine. When the 
first employee card reaches the primary 
read station, the second employee card is 
at the primary sequence station (Fig. 7-8). 
The collator compares the two cards. The 
second employee number (for example, 
10468) is higher than the first employee 
number (09363). The collator recognizes 
this and proceeds. The first employee card 
goes into a stacker pocket; the next em- 
ployee card moves to the primary-read sta- 
tion; and a third employee card in the hop- 
per moves to the primary-sequence station. 

Now the situation is different. The third 
employee number (10112) is lower than the 
previous employee number (10468). Ob- 
viously, it is out of numerical sequence. 
But the operator instructed the machine (by 
control-panel wiring) to stop and flash a red 
signal whenever comparison showed any- 
thing other than a high situation; so the ma- 
chine stops and an error light goes on. Now 
the account clerk can remove the cards from 
the machine, locate the error, and place the 
misfiled card in its proper position. 

When cards are run out for a sequence- 
error condition, the step-down card is the 
second one run out. However, this card 






Fig. 7-8. Schematic of sequence checking 
(Courtesy of International 
Business Machines. ) 
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may or may not be the card out of sequence. 
A check must be made of several cards 
from both the stacker and the hopper to de- 
termine which card or cards are out of or- 
der so that they can be properly filed man- 
ually. Figure 7-9 illustrates three different 
types of sequence errors: In A, the step- 
down card (3) is out of order; in B, the card 
(9) preceding the step-down card is out of 
order; and in C, the step-down card (3) and 
the two following cards (4 and 5) are out of 
order. 



Now let's see how you would wire a panel 
to sequence check a file on card columns 41 
to 45 (Fig. 7-10) and to error stop on low 
sequence. Notice several things. Only BCD 
CTRL 2 is wired from the P hub because we 
are using only the primary feed. The con- 
trol impulse is wired to the sequence unit 
only, since the selector unit is not used for 
sequence checking. For the same reason, 
the restore hubs to the primary sequence 
entries and the sequence entries are wired 
from the P common hubs. The DI hub for 
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blank column detection is necessary because 
not all eight positions are being used. The 
primary feed will feed a card on every ma- 
chine cycle because it is being impulsed by 
Plug to C. The equal and high sequence 
cards will stack in pocket 2 because pri- 
mary select is not wired. Low-sequence 
cards will cause an error stop. 

ERROR INSTRUCTIONS 

This, then, is sequence checking. The 
collator verifies the desired sequence of a 
file of cards. Whenever it encounters an 
out-of-sequence condition, the machine fol- 
lows the instructions set up by control-panel 
wiring. 

1. It can stop the machine and flash an er- 
ror light. The operator can then rear- 
range the sequence properly. 

2. It can insert a signal card at the place 
where the out-of-sequence conditionoc- 
curred and continue sequence checking 
(Fig. 7-11). This is a faster method 
because the machine does not stop. 
The operator can correct the out-of- 
sequence condition while the machine 
continues to run. The signal card can 
have a distinctive color or a corner cut 
different from the corner cut on the file 
cards. 



OUT-OF-SEQUENCE 
CARD 



SIGNAL CARD 



MACHINE CONTINUES 




Fig. 7-11. 



Inserting signal card for 
sequence error (Courtesy of 
International Businesss 
Machines.) 



The machine can select out-of-position 
cards and feed them into another pocket. 
The machine continues to run, and cards 
that have been selected into pocket 1 
(Fig. 7-12) can be placed in the proper 
position later. 




OUT-OF-SEQUENCE 
CARDS 



MACHINE CONTINUES 



Fig. 7-12. Selecting out-of-sequence 
cards (Courtesy of Inter- 
national Business Machines. ) 

PROBLEM 1: Draw a wiring diagram to se- 
quence check an employee number in col- 
umns 14 to 21. Check for blank columns. 
Wire for error stop on low sequence. 

PROBLEM 2: Perform the same operation 
as PROBLEM 1, except select duplicate 
cards to pocket 1, and insert a signal 
card for a sequence error. 

In the problem depicted in Fig. 7-11 there 
were two fields, major and minor. The 
major field was department number, and 
the minor field was employee number. As 
in sorting, we can treat them as one field. 
Since the major field is more significant 
than the minor field, it is wired into the 
high-order position during comparing. By 
comparing within the high-order positions 
you will have an ascending sequence. The 
04 month will be behind the 01, 02, and 03 
months. Within the months, the days will 
also be in ascending order. If the two col- 
umns containing the month were in the units 
position, you would have all the days in as- 
cending order, but the months would be in- 
termixed. Figure 7-13 shows the wiring to 
sequence check a major and minor field. 

PROBLEM 3: Draw the necessarywiring if 
the fields mentioned in Fig. 7-11 were 
punched with department in columns 34 
and 35 and employee number in columns 
30 to 33. Check for blank columns and 
a high sequence. This means we want 
the file in descending order. On high 
sequence feed a signal card from second 
feed. 
We will now examine a second function 

of the collator. 
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Fig. 7-13. Checking sequence (major and minor) (Courtesy of International Business Machines.) 



SELECTING 

Information must be accessible. It should 
be possible to locate a given piece of infor- 
mation and remove it from the files quickly. 
Obviously, if it is necessary to refer to a 
card in the files, a clerk can locate the card 
manually, remove it, and replace it when it 
is no longer needed. 

As cards pass through the feeds of a col- 
lator, they are normally directed in the pri- 
mary feed to pocket 2. It is possible to di- 
vert primary cards into pocket 1. The op- 
eration is similar in the secondary feeds 
except cards can be directed into pockets 
3 and 4. 

Now look at an example of card selection. 

SELECTING THE LAST CARD OF EACH 
GROUP 

The cards are placed in the primary feed 



of the collator (Fig. 7-14), and the machine 
is instructed to select the last card of each 
group. 

When the first customer card is at the 
primary-read station, and the first trans- 
action card is at the primary-sequence sta- 
tion, the two customer numbers are read 
and compared (Fig. 7-15 A). They are equal 
because they belong in the same group, and 
they continue to advance. 

All the transaction cards in this customer 
number show equal readings (Fig. 7-15B) 
until the master card of the next group 
reaches the primary sequence station (Fig. 
7-15C). At the same time, the last card of 
the previous group is read at the primary- 
read station. 

Now there Is a change in customer num- 
ber. The file Is arranged in ascending se- 
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7-14 



Selection of last card of each 
group (Courtesy of Inter- 
national Business Machines.) 




4^ 
Equal Primar/ Sequence Unit 




Equal Primary Sequence Unit 



Sccondorv Fc«d 



Primary Sequence Seed 




M = Master Cards 

T = Transaction Cards High Primary Sequence Unit 

Fig. 7-15. Schematic of card selection 
(last card of each group) 
(Courtesy of International 
Business Machines.) 
quence; the low customer numbers are fol- 
lowed by higher customer numbers. There- 
fore, the comparing unit recognizes a change 
from equal readings to a high reading. The 
collator flashes a signal to the primary- 
select magnet, and the last card of the group 
is diverted into pocket 1. During this en- 
tire operation of feeding, reading, compar- 
ing, and selecting, the feeds do not stop. 
Maximum speed is achieved. 



Figure 7-16 shows the wiring to pull out 
the last card of each group if the customer 
transaction cards in Fig. 7-15 had the cus- 
tomer number punched in card columns 25 
to 30. The schematic in Fig. 7-15 shows 
that the last card of the group was recog- 
nized in the sequence unit by a high sequence . 
At this time, besides knowing that the last 
card of a group was just read by the primary 
read, we also know that the first card of a 
group just passed the sequence read and will 
be available for selection on the next cycle. 

SELECTING THE FIRST CARD OF EACH 
GROUP 

A use for this type of section might be 
the selection of a master card from a merged 
file of master and detail cards. Another 
application might be to place the open ac- 
counts receivable file in the primary feed 
and to select the first (oldest) open receiv- 
able for each customer. This type of se- 
lection follows the same logic as selecting 
the last card of each group, in that this 
condition is also recognized by a high se- 
quence in the sequence unit. To retain this 
knowledge until the next cycle so that the 
card can be selected, use the cycle-delay 
selectors F, 27-39. 

CYCLE -DE LAY SELECTORS 

The cycle-delay selectors consist of a 
two-hub common pickup; a common, nor- 
mal, and transfer hub; and a drop-out hub. 
The cycle-delay selector (only one is stand- 
ard on the machine) is a selector which, 
when picked up, transfers on the following 
cycle rather than immediately. Another dif- 
ference is that, unlike the previous selectors 
discussed, the cycle-delay selector will re- 
main transferred until it is impulsed to re- 
turn to normal (dropped out). An impulse 
to the DO Hub (drop-out) will cause the se- 
lector to return to normal. An example of 
this wiring can be seen in Fig. 7-17. 

PROBLEM 4: Select the first card of each 
group to pocket one. The identifying 
number is punched in columns 21 to 
25. If cards are out of sequence, select 
an indicator (signal) card. In addition, 
check for blank columns. 
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FILE SEARCH 

Suppose we wanted to run a report of all 
customers who had bought a certain prod- 
uct - say product number 37326. Let us 
also say that the customer purchases were 
not In sequence byproduct number. There- 
fore, throughout this entire history file of 
customers and their purchases, there would 
be many transactions involving product num- 
ber 37326. The problem is to select out all 
the transaction cards with that product num- 
ber without disturbing the sequence of the 
master file. 

The collator can do this by using a finder 
card. This is a name given to a punched 
card with a control number to locate related 
cards. In this case, we have the number 
37326 in the same card field in which the 
product number appears in the transaction 
cards (Fig. 7-18). The finder card may 
have the control number punched in any card 
columns. 




Customer No. 






Product No. 
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Amount 


37326 










Punched Card 
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From File 
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1 
1 











Fig. 7-18. Finder card (Courtesy of 
International Business 
Machines. ) 

The finder card is placed in front of the 
cards to be searched. Then, when the file 
is run through the machine, the control num- 
ber from the finder card is read and re- 
membered. It is then compared with the 



following cards. 

The control number is remembered by 
reading it into one side of a comparing unit 
and omitting the restore wiring for that side. 
The numbers read from the file cards are 
entered into the other side of the same unit, 
which is restored normally. Because all 
comparing entries are restored on the run- 
in cycles, if any of them has been wired to 
restore, the control number will be cleared 
from the corresponding unit on each run-in. 
Therefore, each time a run Is started or 
restarted after a run-out, a finder card must 
precede the file of cards. 

A file of cards to be searched can be fed 
through either the primary feed or the sec- 
ondary feed, or it can be split in half and 
the halves fed simultaneously, using both 
feeds . 

If the primary feed Is used, the control 
number in the finder card must be read from 
the primary sequence brushes, not the pri- 
mary brushes. This is because the compar- 
ing entries are restored automatically for 
only the first two run-in cycles, and a card 
does not pass the primary brushes until the 
third cycle. This would be too late to enter 
the control number from the finder card. 
See the schematic for this operation in Fig. 
7-19. The control or finder number in this 
example (Fig. 7-18) is read at theprimary- 
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25,'-* — Remembered from 
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Fig. 7-19. Schematic of selection of cards 
by a control number (Courtesy 
of International Business 
Machines. ) 
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sequence station and held in one-half of the 
control unit. No other information is read 
from the primary-sequence station during 
the entire process; therefore, this number 
remains in half of the comparing unit until 
the operation is completed. 

The collator is instructed to select any 
cards passing the primary-read stationwith 
a product number equal to that in the con- 
trol card. 

The control card is the first one to reach 
the primary-read station. The number is 
compared with the control number. It is 
equal to the control number, and the colla- 
tor emits an impulse to the select magnet 
to select this card. Therefore, the finder 
card is selected into pocket 1 (Fig. 7-20). 




Finder Card 



Fig. 7-20. Final grouping (Courtesy of 
International Business 
Machines. ) 
The cards advance. The next card does 
not have the same product number. It may 
be a customer master with nothing punched 
in the product field. This card is allowed 
to feed directly into pocket 2. Each card 
passing the primary-read station is exam- 
ined the same way. The number in the prod- 
uct field is compared with the control num- 
ber punched in the finder card. Whenever 
the comparison results in an equal reading, 
the card is diverted into pocket 1. In all 
other cases the card proceeds directly to 
pocket 2. 

When the entire file has been processed 
by the collator in this way, we have two 
groups of cards (Fig. 7-20). Figure 7-21 
depicts the necessary wiring. 



PROBLEM 5: Draw a diagram to select 
cards with an equal control number using 
the primary feed. The control number 
is in columns 1 to 8. Check for blank 
columns using BCD entry one and insert 
a signal card for every equal control 
number card selected to pocket 1. 

PROBLEM 6: Draw the same diagram as in 
PROBLEM 5, except select out cards with 
a number less than the control number 
in the finder card. 

PROBLEM 7: Using the secondary feed only, 
select all cards equal to the finder card 
topocket4. Select out less than the control 
number cards to pocket 3. Read the finder 
control number into the PRI section of the 
Selector Unit. Use BCD Entry two for 
blank-column detection. Both the finder 
card and the file contain the control num- 
ber in columns 1 to 8. 

INTERSPERSED X- FINDER CARDS 

There are many times in business when 
you might want to search on several control 
numbers. The numbers you are searching 
for must be grouped in some order; other- 
wise you will not get an accurate search. 

If finder cards are interspersed through- 
outafile, they must be identified byXpunch- 
ing. The X is normally punched in the finder 
cards, and the cards are fed through the pri- 
mary feed. TheX is read when the X-finder 
card passes the sequence brushes. It is 
used to control the restoring of the compar- 
ing entry in which the finder-card control 
number is held. Then when the X-finder 
card passes the primary brushes, the new 
control number is read in. Because two 
reading stations are required (one to iden- 
tify the X-finder card and the following to 
read-in the control number from the X-finder 
card), the operation can be performed only 
in the primary feed. As in the preceding 
example, cards punched with numbers equal 
to, higher than, or lower than the control 
number can be selected. 

X-SE LECTORS 

To perform this operation, you must use 
the selectors G-H, 28-44. The selectors 
consist of the familiar pickup, common. 
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Selecting cards by a control number 
(Courtesy of International Business Machines. ) 



normal, and transfer hubs . These selectors 
have additional hold P and S hubs. 

Each X-selector is controlled to operate 
with either the primary or secondary feed 
by wiring its hold hubs from the P (primary) 
or S (secondary) hub. P emits an impulse 
to hold a selector between primary-feed 
cycles, and S emits an impulse to hold a 
selector between secondary-feed cycles. 

When hold is wired and the pickup is im- 
pulsed, the selector transfers immediately 
and remains transferred until the X card 
moves to the next station. If hold is wired 
from the P hub and PU is wired from the 
primary read, the selector will be trans- 
ferred when the X card is in the eject posi- 
tion and, therefore, the selection of X cards 
(or NX cards) into pocket 1 can be con- 
trolled. If PU is wired from sequence read, 
selection of the card preceding the X card 
can be controlled. 

If hold is wired from the S hub and PU is 
wired from secondary-read, X cards (or 



NX cards) can be selected into pockets 3 
or 4. 



If hold is 
wired 
from 

P hub 
Phub 
Shub 



PU 

impulsed 

from 

primary 
read 

Sequence 
read 



Selector 

transferred 

for 

X card at 
eject 

Card 
preceding X 



Pocket 
selected 



Secondary X or NX 
read cards 



3 or 4 



In the illustration (Fig. 7-22), both the 
control number in the finder card and the 
numbers in the file cards are punched in the 
same card field, and the selector unit is to 
compare the numbers. Finder cards are X 
punched in column 75. Selection can be per- 
formed by itself or in combination with the 
other operations of the collator. 
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Fig. 7-22. Selecting cards by a control 
(primary feed) (Courtesy of 



MERGING 

It must be possible to get data into the 
file easily. If a file is kept up to date, in- 
formation is constantly added to it. This 
added information must be placed in its 
proper location in the files. 

As we saw in the discussion of card se- 
lection, information is often removed from 
the files. After it has been used, it must 
be returned to the files easily and quickly. 
This is interfiling, or merging. When 
merging, the collator combines two files of 
cards already in sequence to produce one 
complete file, also in the proper sequence 
(Fig. 7-23). This is one of the most im- 
portant and useful features of the collator. 

Now look at the schematic drawing of 
merging two files and the collator feeds 
(Fig. 7-24). The cards from the master 




number; interspersed X-finder cards 
International Business Machines.) 




One File 



Fig. 7-23. 



Merging two files (Courtesy 
of International Business 
Machines. ) 
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file have been placed in the primary hopper. 
The new summary cards (year-to-date cards 
prepared as a by-product of the sales analy- 
sis report and called the detail file) have 
been placed in the secondary hopper. For 
illustration purposes, we have identified 
each card with a simplified account number. 
Cards are in ascending order. 



Control-panel instructions allow the 
cards to proceed into the stacker only when 
comparison shows them to be low or equal. 
When the machine is started, the master 
cards advance into the primary feed until 
the 10 card is at the primary-read station; 
the master 12 card is at the primary-se- 
quence station. At the same time the sum- 



sec Oinli: 11-12-12-14 
PrI. C<r<fe 10-12-12-13 









NOTE: Cord U 
ii run out 




r:^ s o ' o — o o o oil 

HOLD -"^^^JU- C-^N T I 

TOffAU 



O O S 0-^ O O 




p DE [ COIMT p IN -Y 

O SKO S O C O O U 
•I f I aouKt I 

IllPBO.O.SO lo T 






O U O 
• C 
O T O 




».) ^— 9.2 iJ-i. 






Fig. 7-24. Merging (feeding from one feed at a time) 

(Courtesy of International Business Machines. ) 
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mary 11 card has reached the secondary- 
read station. The brushes read the account 
number information to the control unit. 
In this operation, the control unit com- 
pares the master card at the primary-read 
station with the summary card at the sec- 
ondary-read station. The comparison shows 
that the master card is low (Fig. 7-24A). 
The machine is instructed to advance all 
primary cards one position: The 10 card 
goes into the merge pocket 2. The 12 card 
moves to the primary read station. The 13 
card moves to the primary sequence station. 
The summary 11 card remains at the sec- 
ondary read station. Since the secondary 
feed did not operate, the half of the com- 
paring unit that is reading account numbers 
from the summary card does not change. 
It retains the 11 reading. But when the pri- 
mary feed advances the master cards, the 
reading for the 10 card is restored to 0, and 
the unit then reads master 12 card. 



Now the control unit compares the sum- 
mary 11 card with the master 12 card in the 
primary (Fig. 7-24B). The account number 
of the summary card is lower, and this card 
obviously belongs in the file behind the mas- 
ter 10 card. The machine Instructs the 
secondary feed to advance one card while 
the primary remains stationary. The 11 
card goes into the stacker pocket directly 
behind the 10 card, and the summary 12 
card is advanced to the secondary-read sta- 
tion. The primary half of the control unit 
retained its 12 reading; the secondary half 
of the unit restored to and then accepted 
the reading 12. 

Now the control unit compares the mas- 
ter 12 card in the primary with the summary 
12 card in the secondary (Fig. 7-24C). The 
account numbers are equal. Both cards be- 
long behind the 11 card. Normally, how- 
ever, we want the master card ahead of de- 
tail cards in a file. 
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The machine instructs both primary and 
secondary feeds to advance one card. Be- 
cause of the design of the collator, the mas- 
ter 12 card falls into pocket 2 ahead of the 
summary 12 card. Both halves of the con- 
trol unit then restore to and accept the 
next reading. 

When several cards with the same num- 
ber occur in both files, the machine nor- 
mally feeds all those from the primary 
(master file) ahead of those from the sec- 
ondary. The last of the master file and the 
first of the detail file then are fed as equals 
(Fig. 7-24D). 

There are two types of merging - feeding 
from one feed at a time (Fig. 7 -24) and feed- 
ing from both feeds simultaneously (Fig. 
7-25). When you have the condition depicted 
inFig. 7-25B you know that you only have one 
more card to feed from the primary feed 
before feeding from the secondary feed. By 
feeding from both feeds simultaneously, you 
can cause both feeds to feed whenever this 
condition occurs. 

PROBLEM 8: Draw a diagram to merge 
new employee cards into an existing em- 
ployee master file. The employee num- 
ber is in columns 27-31. Check for blank 
card columns. Feed both feeds at a time. 

MERGING WITH SELECTION 

Cards may be selected from both files 
during a merging operation. For example, 
if master name and address cards are being 
merged with detail cards, it may be desir- 
able to remove those master cards for which 
there are no corresponding detail cards and 
vice versa. By doing this, the merged file 
will contain only "equal" cards, i.e. , mas- 
ter and detail cards with the same control 
numbers. Primary cards to be selected are 
recognized by a low primary comparison, 
and secondary cards to be selected are rec- 
ognized by a low secondary comparison. 
Selected primary cards stack in pocket 1, 
and selected secondary cards stack in either 
pocket 3 or pocket 4. 

The conditions to be considered and the 
control-panel wiring required for this oper- 
ation are affected by the card groups in the 
secondary feed, that is, whether they are 
single- or multiple-card groups. 
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Fig. 7-26. Schematic of merging with 

selection - single secondaries 
(Courtesy of International 
Business Machines. ) 
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SINGLE SECONDARIES 

When the file in the secondary feed con- 
tains only single-card groups, cards can be 
selected by adding the wiring for selection 
to that for straight merging. 

There is a new hub that must be used. 
The INLK (interlock) hubs (Q, 23-25) must 
be wired on if cards are to be selected in a 
merging or matching operation to ensure 
proper selection on the run-out. It may be 
wired off or disregarded at all other times. 

This switch is necessary because when 
the run-out key is depressed, automatic 9s 
are emitted into the comparing entries whose 
feed has run out of cards. This causes the 
cards in the other feed to be forced out. 
But a problem arises if one of these cards 
happens to have a control field of all 9s. 
This will cause improper selection if INLK 
were not wired on. 

Fig. 7-26 illustrates schematically the 
feeding and selection of cards, with single- 
card groups in the secondary feed. Steps A 
and E show the selection of low primary 
cards; steps B and F show the selection of 
low secondary cards; step C shows equal 
selector and equal sequence, while step D 
shows an equal selector but an unequal se- 
quence and step G shows how the cards are 
stacked after all have been fed. 

PROBLEM 9: Draw a diagram to merge a 
miscellaneous instructions card behind 
name and address cards on customer 
number, columns 34 to 38. Select out to 
pocket 3 any miscellaneous cards which 
do have name and address cards. Check 
for blank card columns. Feeding from 
both feeds simultaneously, there will be 
only one miscellaneous card per name and 
address card. 

MULTIPLE SECONDARIES 

In a straight merging operation without 
selection, multiple secondary cards are fed 
as illustrated in Fig. 7-25. The first sec- 
ondary card of an equal group is fed on an 
equal and unequal sequence condition (step 
B), and additional secondary cards in the 
same group are fed on a low secondary 
(step C). However, when secondary cards 
are to be selected during a merging opera- 



tion, they are selected on a low secondary. 
Thus all secondary cards after the first in 
an equal group would be selected errone- 
ously if the plan used for selection with 
single-card secondaries were used with 
multiple-card secondary groups. 

To correct this condition, feeding must 
be controlled so that all cards in an equal 
secondary group are fed as equals. This 
can be done by eliminating a primary feed 
and causing only a primary ejection when 
the last card of the primary group is de- 
tected. A primary ejection moves the card 
that has been read by the primary brushes 
to the stacker without causing a primary 
feed cycle. No other cards in the primary 
feed are moved, and the restore exit hubs 
are inactive. Therefore the number read 
from the last primary card is held in the 
comparing units, and all multiple secondary 
cards are compared, as equal, with the last 
primary card of the corresponding group. 

PRIMARY EJECT (M, 23-25) 

Impulsing one of the four common pri- 
mary eject hubs (D, 41-44) will cause a card 
to go from the primary feed eject position 
(Fig. 7-2) to a pocket. All other cards in 
the primary feed will remain stationary. 
The primary eject hubs become exit hubs 
when there is a primary feed. 

Figure 7-27 illustrates schematically the 
feeding of cards when there are multiple- 
card groups in the secondary feed and se- 
lection is required. In step B, the last 
primary card of a group (12) is ejected 
(stacked), but another primary card is not 
fed, and the first equal secondary card (12) 
is fed. In step C, the additional secondary 
card (12) in the equal group is compared to 
the number held from the last primary card 
(12) and therefore fed on an equal and un- 
equal sequence condition. In step D, a low 
primary causes a primary feed, thus mov- 
ing card 13 past primary read. 

The comparisons and feeding required to 
merge cards, when there are multiple-card 
groups in the secondary feed and selection 
is required, can be summarized as follows: 

Low secondary - secondary feed 

Low primary - primary feed 

Equal and unequal sequence - secondary 
feed (same as straight merging without 
selection) 
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Fig. 7-27. Schematic of merging with 
selection - multiple 
secondaries (Courtesy of 
International Business 
Machines. ) 

Equal and unequal sequence - primary 
eject 

Equal and equal sequence - primary feed 



Thus, primary cards are fed on a low pri- 
mary or on an equal and equal sequence 
condition; primary cards are ejected on an 
equal and unequal sequence condition. Sec- 
ondary cards are fed on a low secondary or 
on an equal and unequal sequence condition. 
Primary cards are selected on a low primary 
and secondary cards on a low secondary. 

This operation is diagrammed in Fig. 
7-28 In the following manner: 

1. The card fields are wired for blank- 
column detection and comparison in 
the normal manner for a merging 
operation, 

2. S, P, PS, and SEQ RESTORE are 
wired normally. 

3. SEL and SEQ CONTROL INPUT are 
wired normally. 

4. The secondary is wired to the pickup 
of selector 1, and plug to C is wired 
through the transferred side of the 
selector to secondary feed. This 
causes the secondary card to be 
fed when it is lower than the pri- 
mary card. 

5. Equal is wired to the pickup of se- 
lector 2, and plug to C is wired 
through the transferred side of the 
selector to Primary Eject. This 
causes the primary card to be stacked 
whenever it is equal to the secondary 
card. The purpose of this wire is to 
stack the last card of an equal pri- 
mary group (equal and unequal se- 
quence condition) without feeding 
another primary card. 

6. Low primary is wired to the pickup 
of selector 3, and plug to C is wired 
through the transferred side of the 
selector to Primary Feed,, This 
causes a primary feed when the pri- 
mary card is lower than the secon- 
dary card. 

7. Equal is wired to the pickup of se- 
lector 4, and equal sequence is wired 
to the pickup of selector 5. Plug to 
C is wired through the transferred 
side of selector 4 and the normal 
side of selector 5 to Secondary Feed. 
This causes the secondary card to be 
fed when it is equal to the last pri- 
mary card of a group. 
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Fig. 7-28. Merging with selection - multiple secondaries 
(Courtesy of International Business Machines. ) 



Plug to C is wired through the trans- 
ferred side of both selectors 4 and 5 
to Primary Feed. This causes a 
primary-feed cycle when the primary 
card is equal to the secondary card 
and is not the last card of a group. 
A primary feed must not occur when 
the equal primary card is the last 
card of a group. This is prevented 
by selector 5. 

Low secondary is wired to Secondary 
Select 4 to cause secondary cards 
without corresponding primary cards 
to stack in pocket 4. 
Low primary is wired to Primary 
Select to cause primary cards with- 
out corresponding secondary cards 
to stack in pocket 1. 



11. Interlock is wired on to ensure 
proper selection on the run-out. 

12. Low sequence can be wired to Error 
Stop to stop card feeding for an error 
in primary-card sequence (dotted 
wiring). 

BASIC-SETUP SWITCHES 

There are three basic-setup plans that 
can replace functional wiring to control all 
card feeding for normal merging, merging 
with selection, and matching operations. 
Normal operations assume that cards are 
arranged in ascending sequence and that all 
primary cards will be fed ahead of all sec- 
ondary cards with the same control number. 

The basic consideration in any of these 
operations is to control the feeding of pri- 
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mary and secondary cards to produce a 
merged (or matched) file that is in sequence. 
Five basic-setup switches (SEC, EJ, PRI, 
MSS, and PRI CHG) are provided on the 85 
control panel at K-R, 23-25 to control this 
feeding. The switches are wired on or off 
according to the conditions involved in each 
operation. 



wiring plans that can replace functional 
wiring to control all card feeding for normal 
merging, merging with selection, single 
secondaries and matching operations. 

Figure 7-30 shows the wiring for merg- 
ing with selection - single secondaries using 
basic-setup plan 2. 



SELECTION 



SINGLE 



BASIC- SET UP PLAN 1 

In Fig. 7-24 the wiring to control feeding 
by feeding one feed at a time, wires 4, 5, 
and 6, can be replaced by wiring basic SU 
switches, SEC and PRI on and MSS off (Fig. 
7-29). These switches can be wired on or 
off. Figure 7-29 shows the SEC and PRI 
wired on and the MSS wired off. When the 
SEC switch is wired on, a secondary card 
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Fig. 7-29. Basic-setup plan 1 - merging 
feeding from one feed at a time 
(Courtesy of International 
Business Machines. ) 

is fed whenever a low secondary comparison 
is detected. When the PRI switch is wired 
on, a primary card is fed whenever a low 
primary comparison is detected. 

In addition, when this switch is wired on, 
and the MSS switch is wired off, a primary 
card is fed whenever an equal comparison 
is detected. 



BASIC-SETUP PLAN 2 

The wiring to control primary and sec- 
ondary feeding in Fig. 7-25 (wiring 4, 5, 
and 6) can be replaced by wiring basic-setup 
switches (SEC, PRI, and PRI CHG) on the 
85 control panel as shown in Fig. 7-30. 
This is the second of the three basic-setup 



MERGING WITH 
SECONDARY 

1. The card fields are wired for blank- 
column detection and comparison in the 
normal manner for a merging operation. 

2. S, P, PS, and SEQ RESTORE are wired 
normally. 

3. SEL and SEQ CONTROL INPUT are 
wired normally. 

4. Basic-setup plan 2 is wired to merge 
cards, feeding from both feeds simul- 
taneously whenever possible. 

5. Interlock is wired on to ensure proper 
selection on the run-out. 

6 . Low secondary is wired to SE CONDARY 
SELECT 4 to cause secondary cards 
without corresponding primary cards 
to stack in pocket 4. 

7. Low primary is wired to PRIMARY SE- 
LECT to cause primary cards without 
corresponding secondary cards to stack 
in pocket 1. 

8. Low sequence can be wired to ERROR 
STOP to stop card feeding for an error 
in sequence in the primary feed (dotted 
wiring). 

Feeding simultaneously from both feeds 
differs inonly one respect from feeding from 
one feed at a time. That is, a secondary 
card is to be fed when both an equal (selec- 
tor) comparison and an unequal sequence 
comparison occur. All other control of 
feeding is the same as in the preceding op- 
eration. To recognize the change in con- 
trol between the cards in the primary feed, 
the PRI CHG switch is wired on; the PRI 
CHG (Primary Change) switch (R, 23-25) is 
wired on whenever a control change in the 
primary cards is to affect card feeding dur- 
ing a merging operation. When on, it con- 
ditions the function of the secondary feed 
(SEC) switch. That is, if the SEC switch is 
on, a secondary card is fed whenever both 
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Fig. 7-30. Basic-setup plan 2 - merging with selection (single secondaries) 
(Courtesy of International Business Machines.) 



an equal (selector) comparison and an un- 
equal sequence comparison are detected. 
This is in addition to the normal function of 
the SEC switch which is feeding low sec- 
ondaries. 

BASIC-SETUP PLAN 3 

The wiring to control primary and sec- 
ondary feeding in Fig. 7-28 can be replaced 
by wiring all five basic-setup switches. 

Merging with multiple secondaries and 
selection differs from the operation of 
straight merging without selection (Basic- 
setup plan 2) only in the feeding of primary 
cards on an equal (selector) condition. If an 
equal primary card is the last card of a 
group, it must be ejected, but another pri- 
mary card must not be fed; if the equal pri- 
mary card is not the last card of a group, it 
must be ejected and another primary card 



must be fed. The EJ, MSS, and PRI CHG 
switches are wired on to control this op- 
eration. 

The MSS switch is used for multiple sec- 
ondaries and selection. This switch must 
be wired on in a merging or matching oper- 
ation whenever there are two or more sec- 
ondary cards with the same control number, 
and selection is required. For all other 
operations this switch is wired off. When 
the EJ switch is wired on, a primary card 
is ejected whenever a low primary or equal 
comparison is detected. However, an im- 
pulse to primary feed on a low primary or 
on an equal and unequal sequence condition 
will also cause a primary ejection. There- 
fore, the main purpose on this switch is to 
cause only a primary ejection on an equal 
and unequal sequence condition. 

Figure 7-31 shows the complete diagram 
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Fig. 7-31. Basic-setup plan 3 - merging with selection (multiple secondaries) 
(Courtesy of International Business Machines.) 



for merging with selection-multiple secon- 
daries using the basic-setup switches. This 
control-panel wiring performs exactly the 
same operation as that in Fig. 7-28. Wir- 
ing 1, 2, 3, 9, 10, 11, and 12 is identical 
to that in Fig. 7-31 and the basic-setup 
switches replace wires 4, 5, 6, 7, and 8. 



PROBLEM 10: Use basic-setup plan 3 to 
merge two files whose control number is 
located in columns 34 to 38, Check for 
blank columns and error stop on low 
sequence. Select unmatched cards to 
pockets 1 and 3. 



Plan Hubs wired 
on 



Function performed 



1 PRI, SEC Feeding one feed at a time 

2 PRI, SEC, Feeding both feeds simul- 
PRI CHG taneously with or without 

selection of single sec- 
ondaries 

3 PRI, SEC, Feeding both feeds simul- 
PRI CHG, taneously with or without 
EJ, MSS selection of multiple sec- 
ondaries 
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MATCHING 

It must be possible to check a file for 
all data fitting master patterns. Any data 
that does not correspond should be removed 
from the files without disturbing the sequence 
of the remaining data. This is a matching 
operation. 

Matching involves two files of cards (Fig. 
7-32). One file (the master file) is searched 
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Fig. 7-32. Matching function (Courtesy of 
(International Business 
Machines. ) 

for any cards corresponding to the cards in 
the second, or detail file. Unmatched cards 
are separated from either file. 

This is very much like selection, except 
that the finder information changes as soon 
as it has been matched. Instead of trying 
to find all cards in the master file that agree 
with a finder card, we are looking for the 
one card (or group of cards) that agrees 
with the first detail card to be matched, then 
the one card (or group) agreeing with the 
next detail card, and so on. Very frequent- 
ly, check reconciliation uses the collator's 
ability to match cards. For instance, the 
paymaster of a corporation may issue 10,000 
paychecks. At the end of a week, he can 
reasonably assume that most of these checks 
have been cashed or deposited and have been 
returned from the banks. He should have 
received a cancelled check for each em- 
ployee who had been paid on the previous 
payday. Therefore, there should be one 



Cancelled Checks 
from Banks 




Matched 



Fig. 7-33. Check reconciliation (Courtesy 
of International Business 
Machines. ) 

cancelled check in the file for each check 
written the previous week (Fig. 7-33). 

By matching the current file of cancelled 
checks against the reconciliation file, the 
payroll department can determine which 
checks have not cleared the bank. There 
should be one cancelled check for each 
reconciliation card. 

The active reconciliation file is placed 
in the primary feed of the collator, and the 
cancelled checks in the secondary feed (Fig. 
7-34). Control-panel wiring instructs the 
collator to match these cards against each 
other. 

As the cards pass through the two feeds, 
comparisons are made between the recon- 
ciliation cards and cancelled checks (Fig. 
7-34A). Whenever the check number is the 
same as the number punched in the recon- 
ciliation card, the machine is instructed to 
divert the check into pocket 3. Simultane- 
ously, the reconciliation card with the 
matching check number is fed into pocket 2 
(Fig. 7-34B). 

When the check number in the reconcili- 
ation card is lower than the number of the 
cancelled check at the secondary read sta- 
tion, it means that the check has not cleared 
the bank. Therefore, the unmatched recon- 
ciliation card in the primary feed is diverted 
into pocket 1 (Fig. 7-34C). 

There should be no unmatched checks in 
the secondary. Obviously, there should be 
no check issued without a corresponding 
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Fig. 7-34. Schematic of matching for 
check reconciliation on 
collators (Courtesy of Inter- 
national Business Machines.) 

card in the reconciliation file. This is a 
good control check onthe procedure because 
it tells us that no checks were issued without 
reconciliation cards and that no reconcilia- 
tion cards have been removed. 

The collator processes both files this 
way (Fig. 7-34D): 

1. Matched primary cards (reconcilia- 
tion cards) are in pocket 2. 

2. Matched secondaries (cancelled 
checks) are in pocket 3. 

3. Unmatched reconciliation cards fall 
into pocket 1. The payroll depart- 
ment uses these unmatched recon- 
ciliation cards to verify the balance 
on the bank statement. 

4 . Unmatched cancelled checks (if there 
are any) are diverted into pocket 4. 
These unmatched cancelled checks 
are given special handling to deter- 
mine why no reconciliation cards are 
in the file. 



This is the basic matching operation. It il- 
lustrates only the principle of matching and 
the way the IBM collator does it. There are 
many variations of the matching operation. 

The two original files of cards are ar- 
ranged in sequence, and each of the four 
groups is also in sequence when the opera- 
tion is completed. 

This matching differs in only one respect 
from merging with selection. The matched 
cards from both files are stacked in two 
groups rather than in one combined group. 

All four pockets in the collator are used 
for this operation, two for the matched cards 
and two for the unmatched. The matched 
cards are normally stacked in pockets 2 
(primary cards) and 3 (secondary cards), 
and the unmatched cards are stacked in 
pockets 1 (primary cards) and 4 (secondary 
cards). The cards are stacked in pockets 
1, 2, and 4 by the same wiring as that used 
in merging with selection. Because pocket 
3 is to contain the matched secondaries, 
this selection is controlled on an equal com- 
parison in the selector unit. The primary 
cards can be sequence checked during the 
matching operation (Fig. 7-35). 



COMBINED COLLATOR OPERATIONS 

The IBM collator has been built for ver- 
satility; although each of the functions that 
has been described so far - sequence check- 
ing, card selecting, merging, and match- 
ing - is individually valuable in handling 
problems of filing and file maintenance, 
most applications combine two or more of 
the basic functions of the collator. Filing 
problems are so correlated in the IBM data 
processing method that a single collator 
procedure can serve several purposes at 
one time. Each combination of operations 
reduces record-keeping costs. 



IBM 85 Collator Questions 
Answer briefly 

1, Name four functions which can be per- 
formed on the 85 Collator. 
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Fig. 7-35. Matching (Courtesy of International Business Machines.) 



2. Discuss the functions of 

a. the run-out key 

b. the error light 

c. the reset key 

3 . How are the cards placed in the hoppers ? 

4. What is the speed of the collator? 



How many reading stations are there 
in the primary feed? What are their 
names? 



a. Cards from the primary feed can 
fall into which pockets? 

b. Cards from the secondary feed can 
fall into which pockets? 



7. Which feed must be used when using 
Interspersed X-finder cards? 



When is a control input impulse avail- 
able? 



Multiple choice 

9. Refer to Fig. P7-1. 
result of the wiring? 
a. 



What will be the 



b. 



c. 



X80 cards will be selected into 

pockets 2 and 3. 

NX80 cards will be selected into 

pockets 1 and 3. 

X80 cards will be selected into 

pockets 1 and 3. 

The card following an X80 in either 

feed will be selected into pockets 

1 and 3 . 
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Answer briefly 

10. How do we sequence check when the 
control fields are county, city, and 
state ? 

11. What is the procedure for determining 
what error condition has stopped the 
collator? 

12. In sequence checking, what does equal 
sequence mean? 

13. In sequence checking cards in descend- 
ing sequence, an error condition would 
be a 

a. high sequence 

b. low sequence 

c. low secondary 

d. low primary 

14. Is it possible to sequence check in the 
secondary feed? If not, explain. 

15. If secondary select pockets 3 and 4 re- 
ceive an impulse at the same time, 
where will the card to be selected fall? 

16. a. What does low sequence mean? 
b. What does low secondary mean? 

17. With a 100 reading in the primary se- 
lector magnets and 102 reading in the 
secondary selector magnets, what is 
the condition of the selector unit? 

18. Refer to Fig. P7-2. The result of the 
wiring would be 

a. to select the first card of a group 
if it is an X65. 

b. to select the last card of a group 
if it is an X65. 

c . to select the last card of a group 
if the preceding card was an X65 
card. 



d. to select the last card of a group 
if the following card isanX65card. 

19. What would the result of wiring in Fig. 
P7-2 be if the X selector were picked 
up from sequence read instead of pri- 
mary read? 

20. What would be the result of omitting 
wire 1 in Fig. P7-3? 

21. Refer to Fig. P7-4. What would be ac- 
complished by this wiring? 



Multiple choice 

22. Refer to Fig. P7-5. The diagram is 
wired to compare fields A and B of each 
card and to select certain cards. Half 
the file is in the primary feed and the 
other half is in the secondary. What 
will happen? 

a. Cards with field A greater than 
field Bwill be selected into pockets 

1 and 4. 

b. Cards with field B greater than 
field A will be selected into pockets 

2 and 4. 

c. Cards with field A greater than 
field Bwill be selected into pockets 
2 and 3. 

d. Cards with field B greater than 
field A will be selected into pockets 
1 and 4. 

23. If wire 1 was omitted from Fig. P7-5 

a. cards with B greater than A would 
stack in pocket 1. 

b. cards with field A greater than field 
B would stack in pocket 1. 

c. no cards will stack in pocket 1. 

d. all cards will stack in pocket 1. 
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Section 
THE 402 ACCOUNTING MACHINE 



The function of the 402 Accounting Ma- 
chine (Fig. 8-1) is to produce printed re- 
ports automatically while selectively adding 
and/or subtracting (multiplying and dividing 
with a special feature). The 402 operates 



Non-Print Runout, 
Gang Punch, Last Cord 
Auto Total, and Feed 
Interlock Switches 



automatically in both the feeding of cards 
and the printing of results. The information 
punched in the card is read and printed at a 
maximum speed of 50 to 150 cards per min- 
ute (depending on machine model); at the 
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Fig. 8-1. IBM 402 Accounting Machine 

(Courtesy of International Business Machines.) 
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same time, it may be added, subtracted, 
compared, or selected, according to the 
requirements of the report. Complete flex- 
ibility is provided in the arrangement of the 
printed data on the report form, and sum- 
mary cards can be punched simultaneously 
with the preparation of reports. The 402 
normally prints one line from a card. 

The tape-controlled carriage, a feature 
of the 402, controls the feeding and spacing 
of report forms which are prepared by the 
accounting machine. 

OPERATING KEYS AND LIGHTS (Fig. 8-2) 

To operate the machine, the mam- line 
switch, located below the right end of the 
reading table, must be turned on. Next, 




Fig. 8-2. Operating keys and lights 
(Courtesy of International 
Business Machines. ) 

the start key must be depressed to start the 
feeding of cards through the machine. It 
must also be depressed to resume operation 
after the machine has stopped for any rea- 
son other than feed interlock. After the stop 
key is depressed, the machine will stop be- 
fore the next card is fed. If a total cycle is 
in process or about to be started when the 
stop key is depressed, the cycle will be 
completed before the machine stops. When 
the final -total key is depressed, it permits 
manual control over total printing. 

Whenever a summary-punch operation 
is started by the accounting machine, the 
red card -feed stop light goes on. It will 
remain on and prevent further operation of 
the accounting machine if, for any reason, 
the summary punch operation is not satis- 
factorily completed. This light also turns on 
if a card fails to feed from the hopper of 
either the accounting machine or the sum- 
mary punch or if the summary punch hopper 
runs out of cards. 



The red unlabeled light will go on when 
the main-line switch is turned on and the 
machine is idling. This light also turns on 
when the hopper runs out of cards. The red 
stop light will go on whenever the machine 
stops, because of an impulse received by a 
machine-stop hub on the control panel. 
While the stop light is on, the machine can- 
not be restarted. To turn it off, the final- 
total key must be depressed. Whenever a 
fuse burns out, the red fuse light goes on 
and the machine stops. The fuses are lo- 
cated toward the bottom of the machine, be- 
low the reading table. The red form light 
goes on and the machine stops whenever 
the last form is within 10 in. of the platen. 

HOPPER AND STACKER 

The card-feed hopper is located at the 
left end of the machine. Cards are placed 
in the hopper face down, with the 9 edge 
toward the throat. The hopper holds from 
800 to 900 cards. As soon as the last card 
is fed, card feeding stops automatically. 
The cards remaining in the machine must 
be run into the stacker by pressing the 
start key. 

The stacker is located directly below the 
card-feed hopper. When the stacker is full, 
card feeding stops. Its capacity is about a 
thousand cards. 

THE PRINT UNIT 

The function of the print unit is to record 
information on the report form. This in- 
formation may be alphabetic or numeric, 
and it maybe printed one line per card (Fig. 
8-3, detail printing) or one line for a group 
of cards (Fig. 8-4, group printing). 

The print unit (Fig. 8-5) consists of a 
variable number of typebars, depending on 
the size of the machine. The maximum num- 
ber of typebars is 88, of which 43 on the left 
side of the print unit will print both alpha- 
betic and numeric information and 45 on the 
right side will print only numeric informa- 
tion. The two sets of typebars are separated 
from each other by a space equivalent to one 
typebar. 

Each alphameric tj^ebar consists of 26 
alphabetic characters, the numbers through 
9, and the ampersand (&). Each numeric 
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Fig. 8-3. Inventory transaction listing 

(Courtesy of International Business Machines.) 








STOCK STATUS 


SUMMARY 













r,ATF. 3/ 31 / 

















PART NUMBER 


PART NAME 


UNIT 


UNIT 
COST 


OPENING 
BALANCE 


TRANSACTIONS | 


ON HAND 


RECEIPTS 


ISSUES 


17 12 3 
17 13 6 4 
17 13 6 6 
17 13 6 8 
17 13 7 


WATER PAIL. 
FRYING PAN 
FRYING PAN 
F R Y 1 NG PAN 
FRYING PAN 


1 G 
4 1 N 
6 1 N 
8 1 N 
1 


E A 
E A 
E A 
F A 
EL A 


1 
1|8 9 
1|0 4 
1|3 5 
1,3 8 

1,5 4 


6 8 
B 4 

14 8 

7 5 
6 4 


145 
15 6 

1 8 

2 8 8 
7 2 


1 3 1 

8 2 

17 5 

1 8 4 

5 6 


8 Z * 
1 5 8 * 

1 5 3 =:= 

17 9=:- 

8 =:= 













1 

1 


























































































































L- 






^ 









Lo_ 



Fig. 8-4. Stock status summary 

(Courtesy of International Business Machines. ) 
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Fig. 8-5. Print unit (Courtesy of Interna- 
tional Business Machines. ) 

typebar consists of 10 numerals and one 
symbol. In odd-numbered typebar s the sym- 
bol is an asterisk (*), and in the even-num- 
bered typebars it is a credit symbol (CR). 

The character in the typebar which will 
be positioned for printing is determined by 
the holes punched in the card or by the totals 
which the machine has accumulated. 

The 402 has two sets of 80 reading 
brushes, labeled second and third reading 
(Fig. 8-6). On the 402 the card is read at 
the third-reading station for printing. The 
cards pass the second- and third-reading 
stations in synchronization, meaning that as 
the 5 row is being read at second read, the 
5 row is being read at third read. 

Now let us explain some of the control- 
panel hubs. 



FEED HOPPlt 



2lii IIUSHIS 



3fd HUSHES 




^/ 



Fig. 8-6. Path of the card through the 402 
feed (Courtesy of International 
Business Machines. ) 



The second-reading hubs (M and N, 1-40) 
are used primarily for reading control 
punches, zone punches, and comparing with 
the card at third read. The third-reading 
hubs (O and P, 1-40, DD and EE, 1-40) are 
used for normal reading operations and are 
wired to counters and print-entry hubs. 
The third-read hubs are also used for com- 
paring with the card at second read. 

The normal alphameric print entry hubs 
(Q, 1-43) contain an alphameric typebar for 
each entry hub. They are wired to print the 
numeric information punched in the corres- 
ponding card columns. 

The numeric print-entry hubs (R, 1-44 
and S, 44) contain an entry for each numeric 
typebar. They are used to print the numeric 
fields punched in the card. 

To print an alphabetic character, the 
typebar must receive a zone impulse on one 
cycle and a digit impulse on the next cycle. 
The zone impulse is read in the normal 
zone-entry hubs (L, 1-43) from second 
read, and the digit impulse is read in the 
normal alphameric print entry from third 
read. 

Before we can cover the actual printing, 
we must explain several other hubs which 
are: 

ALL CYCLES 

The all-cycles hubs (HH, 41-50) are 
available on every machine cycle. They 
are used to control many functions in the 
machine. 

LIST 

The list hubs (Z, 41-42) are two common 
hubs which, when impulsed, cause all 88 
typebars to rise every time a card passes 
the third-reading station. If there are holes 
in the card and the control panel is properly 
wired, the typebars will print each time 
they rise. This operation is called detail 
printing and is done at the rate of 50 to 150 
cards per minute (depending upon machine 
model). Single spacing is automatic before 
each line prints. 

DETAIL PRINTING - NUMERIC INFOR- 
MATION 

In the report shown in Fig. 8-7, the fields 
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Fig. 8-7. Cash requirements statement and accounts payable card 
(Courtesy of International Business Machines.) 



in the card must be printed below the cor- 
responding headings of the report. This is 
accomplished by using a spacing chart (Fig. 
8-8). You will notice that when the cash 
requirements statement report is aligned, 
the vendor number positions are within al- 
phameric typebars 35 to 39. Now look at 



Fig. 8-7. The vendor number is punched 
in columns 18 to 22. Figure 8-9 depicts the 
wiring for listing the vendor number for the 
report in Fig. 8-7. You will notice that wire 
2 is an all-cycles impulse to list. This will 
cause the printing of each card as it passes 
third read. Wire 1 transmits the punched 



104 



THE 402 ACCOUNTING MACHINE 



SPACING CHART 



|r|i].li[8|r|i|9hfl|i.|iHij|i«li^ h«l'Mi'hn»l'M"l"l»l'M»l'M" l"l»ii»l'M"l»liMiM"l"i»l*M' M« l«i»innii«IM*IMi|Mi°|n 



-SS TYPE BAR MACHtNC - 
- 70 TYPE BAR MACHINC - 
-73 TYPE BAR MACHINE - 
-as TYPE BAR MACHINE ' 



NUHIRICAL TVFI VAUS 



IFF 



-56 T.I. 
-71 T. I. 



] 1 i t i 



> } 1 4 s t r ■ I 10 1 



i I t I > 10 11 12 13 H 15 II 



I iTTi 



10 21 2} a » n It i' n » 39 a ii » |4 j; m v ii 3* 40 



GENERAL MANUFACTURING tOMPANY 

CASH REQUIREMENTS STATEMENT 



VENDOR 

AflBFiVIATION 



I* n 2tjll 71 » » II II 11 M 



VENIXIR 
NUMBER 



3S » V 31 91 



INVOICE 
AMOUNT 



AMOUNT 
TO PAY 



13 U 13 It \J II 19 » II » 19 



TOTAL 
BY DATE 



» » 17 I* 19 



NOTE: On the 402, 40) Alphabetic Accounting Machines, the alphameric type bars ^1-4)) are separated from the numeric type 
bars (1-45) by a ribbon guide position. On the 419 Numerical Accounting Machine the ribbon guide is removed and an additional 
type bar (44) is inserted in its place. Thus, the numerical type bars on the 419 are numbered 1-44 on the left and 1-45 on the right. 

Fig. 8-8. Report and spacing chart 

(Courtesy of International Business Machines.) 
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Fig. 8-9. Wiring for numeric detail 

printing (Courtesy of Interna- 
tional Business Machines. ) 



data from third read hubs 18-22 into normal 
alphameric print-entry hubs 35-39. 

DETAIL PRINTING - ALPHABETIC IN- 
FORMATION 

Letters as well as numbers may be 
printed from the 43 alphameric typebars 
located on the left side of the print unit. To 
print letters, a typebar must be Impulsed 
from two holes in the same column - a zone 
punch and a digit punch. 



NORMAL-ZONE ENTRY 

To print an alphabetic character, the 
typebar must receive a zone impulse (0, 11, 
or 12) on one cycle. Zone punches are read 
from the second-reading brushes and are 
accepted by any of the 43 normal-'zone en- 
try hubs at L, 1-43 to zone the typebars so 
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Fig, 8-10. Wiring for alphabetic detail printing 

(Courtesy of International Business Machines. ) 



that the proper letter will print on the fol- 
lowing cycle when the digit punch is read. 
Normal-zone entry hubs will accept only 
zone impulses. Figure 8-10 illustrates the 
wiring for the alphabetic printing of vendor 
abbreviation from columns 7 to 17 into nor- 
mal alphameric print entry 24 to 34. Notice 
that the same card columns are wired from 
both the second- and third-reading stations, 
the difference being that second read is 
wired to normal zone entry. (Note that the 
same numbered entry hubs are used. ) 

PROBLEM 1: Draw a diagram to detail print 
the numeric data (vendor number, dis- 
count, invoice amount, amount to pay) in 
Fig. 8-7 in the print-entry positions 
shown in Fig. 8-8. (Due date is three 
columns and prints in four positions.) 

PROBLEM 2: Add to the diagram of PROB- 
LEM 1, the printing of alphabetic data 
(vendor) in Fig. 8-7 in the print-entry 
positions as shown in Fig. 8-8. 



ZERO PRINTING 

Printing of zeros from both alphameric 
and numeric typebars is controlled by 
the hammer split levers, also referred to 
as the zero- suppression levers (Fig. 8-11). 
There are 88 of these levers, one for each 
typebar. When any hammersplit lever is 
raised, zeros and special character posi- 
tions to the right of it, up to the next signifi- 
cant digit (other than zero), are suppressed. 

The alphameric typebars print zeros. 



■'''.,'";,;,'"^'^'''?^Wii 




Fig. 8-11. Hammersplit levers (Courtesy 
of International Business 
Machines. ) 
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only if a zero is punched in a card column 
or a zero is present in a counter, if the 
column or counter position is wired to a 
typebar, and if there is a significant digit 
printing to the left of the zero. If the un- 
necessary zeros to the left of significant 
digits in a field are to be eliminated, the 
hammersplit lever corresponding to the 
typebar printing the units position of the 
field to the left should be raised. 

Zero printing in numeric typebars dif- 
fers from alphameric zeros in that unwired 
numeric typebars print zeros to the right of 
any significant digit. To eliminate these 
mechanical zeros, the hammersplit lever 
corresponding to the units position of the 
field to the left should be raised. 

When zeros are not suppressed, a maxi- 
mum of 10 zeros will print to the right of a 
significant digit, depending on individual ma- 
chine components and adjustments. With 
no hammersplit levers raised, Series 50 
machines can print at least three zeros to 
the right of a significant digit or five zeros 
to the left, using a five-position left- zero 
carry, clip. Where fields are separated at 
intervals by raised hammersplit levers, 
one operated typebar prints up to 10 zeros 
to the right within a field (Fig. 8-12), 

A special character (located in the spe- 
cial-character position) can be printed on 
the alphameric typebars by a single 12 
punch. The printing of this character is 
under the control of the hammersplit levers 
in the same way as is the zero position. 

It is possible to print a zero from any 
typebar, without a significant digit to the 
left, in one of the following ways: 

1. The combination of a 1 and a punch in 



a card column will always print a zero 
if the typebar is wired for alphabetic 
printing. 

A clip, called the left-zero carry clip 
(Fig, 8-13), can be placed on the ham- 
mersplit lever of a typebar printing the 
units position and on the hammersplit 
levers of as many as six typebars to 
the left of this position to cause zero 
printing. 



A zero clip would be used to ensure the 
printing of the high-order zero, for example, 
in a social security number field. The clip 
should be used under the following three 
conditions: 

1. If the high-order zero were wired to 
hub 1 of either numerical or normal 
alphamerical print entry it would al- 
ways be suppressed since a signifi- 
cant digit can never print to the left. 

2 . If any of the typebars to the left of the 
social security number failed to print a 
significant digit the high-order zero 
would be suppressed when printing in 
the normal alphamerical typebars. 

3. If printing in the numerical typebars 
and the hammersplit lever in the units 
position of the field to the immediate 
left was not raised (in order to print 
the high-order zero of the social se- 
curity number) but the hammersplit 
lever in the units position in the field 
to its left was raised. The problem 
arises when the middle field fails to 
print a significant digit. The result 
would be suppression of the high-order 
zero of the social security number. 
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Fig. 8-12. Zero printing 

(Courtesy of International Business Machines. ) 
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Fig. 8-13. 



ADDITION 



Zero carry clip (Courtesy of 
International Business 
Machines. ) 



One of the functions of the 402 is that 
of accumulation, which is performed by a 
series of single one-position accumulators, 
each capable of adding up to 9. These 
single-position accumulators or counter 
wheels are grouped into units called count- 
ers, which vary in size from a two-position 
counter to an eight-position counter. Within 
each counter a single position will add up to 
9 and then carry over to the next position to 
its left. These two counter positions in turn 
add up to 99 and then carry over into the 
third position, and so on. The carry over 
within each counter is automatic. 

Each counter is identified by a number 
and a letter, the number indicating how many 
positions the counter contains and the letter 
identifying the counter. (The counters en- 
tries are located on the control panel at 
Z-CC, 1-40.) For example, 2A is the first 
two-position counter and 8D is the fourth 
eight-position counter. (The number of 
counters depends upon the particular ma- 
chine. Ask your instructor which counters 
are available on your particular machine. ) 
An 80 counter machine consists of the fol- 
lowing groupings: 
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Now let us see how the counters actually 
add. Whenwe impulse the counter-control- 
plus hub of the particular counter, we allow 
the digits punched in the card to reach the 
counter wheels. When the first card starts 
through the 402 Accounting Machine, 9 edge 



first, the wheels of all the counters stand 
at 0. When impulses from the card reach 
the counter, the counter wheels start turning. 
In Fig. 8-14, the counter is standing at 
and the impulse from the hole in the card 
has just reached the counter wheel. The 
wheel now starts to move past the reading 
brushes in time with the movement of the 
card. From the time the wheel starts to 
move, until it stops at time, four posi- 
tions of the card move past the third-read- 
ing brushes. As the four punching positions 
of the card pass the reading brushes, the 
counter wheel advances four numbers and 
stops at time. The digit 4 has been added 
into the counter wheel as shown. 



Counter Whee 
Position at 

^^"4"Time 




Counter Wheel 
,Po5ition at "0" Time 




Fig. 8-14. Movement of counterwheel 
in addition (Courtesy of 
International Business 
Machines. ) 

When adding in a counter, it is only 
necessary to start the adding wheel in mo- 
tion electrically. The wheel is stopped me- 
chanically and automatically at time of the 
machine cycle. 

Figure 8-15 shows this on a counter 
chart. Assume that we have zeros in the 
counter wheels and that we are using a two- 
position counter. The units-position wheel 
does not move until the 4-hole in the card 
is read by the brush. At that time the im- 
pulse to the start magnet starts the wheel 
moving. The adding wheel continues to turn 
until it is stopped mechanically at time of 
the machine cycle. The tens -position adding 
wheel did not turn because the card was not 
punched in the tens column. At the com- 
pletion of the card-feed cycle we have 04 
standing in the counter wheels. 

Counters may be coupled with one an- 
,other in any desired arrangement. For 
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Fig. 8-15. Machine-cycle point timings in 
addition (Courtesy of Interna- 
tional Business Machines. ) 

example an eight-position counter may be 
coupled with a two-position counter to form 
a ten-position counter. 

For best operation, no more than 16- 
counter positions should be coupled. Cou- 
pling of counters will be covered in detail 
later. 

The four basic steps in wiring for ad- 
dition are: 

1. What information is to be accumulated? 
(counter entry) 

2. Which cards are to be added? (counter 
control) 

3. When should the total be printed? 
(counter read-out and reset) 

4. Where should the total be printed? 
(counter exit to typebars) 

CARD CYCLES: J-Q, 49-50 

The upper five-hubs in the left column 
are active on every card-feed cycle includ- 
ing heading cards. (Heading cards are the 
name card, the street card, and the city and 
state card. ) The other 11 hubs are active 



for cards that are not heading cards. They 
are normally used, directly or through se- 
lectors, to control counters to add or sub- 
tract. 

COUNTER ENTRY: Z-CC, 1-40 

The counter entry hubs accept informa- 
tion to be added or subtracted in a counter. 
They are normally wired from third reading 
for addition or subtraction. Each counter 
is identified with a number representing its 
size and a letter identifying its location. 

COUNTER CONTROL PLUS: S-T, 51-66 

Each counter has a corresponding plus 
entry, which must be impulsed to cause the 
counter to add as the card passes the third- 
reading station. If a counter is to add a 
field from every card, a card-cycles im- 
pulse is wired directly to the plus hubs of 
that counter. 

COUNTER TOTAL: GG-HH, 51-66 

Each counter has a pair of common total- 
entry hubs. When they are impulsed, the 
counter will read-out (print the accumulated 
total) and clear (reset to zero). When the 
total will print depends on the type of im- 
pulse wired to the total entry hubs. 

FINAL TOTAL: BB, 42-44 

There are three final-total exit hubs, 
each independent of the other. They are 
tied in directly with a final-total key lo- 
cated to the right of the stop key, on the 
front of the machine. They emit impulses 
only when the machine is idling, the hopper 
is empty, the last card is in the stacker, 
and the start key is depressed with the fi- 
nal total key held down. They are normally 
wired to counter total hubs to print final 
totals after the conditions already mentioned 
have been satisfied, thus preventing acci- 
dental clearing. All normal spacing is sup- 
pressed during the final-total cycle. 

COUNTER EXIT: S-V, 1-40 

Each counter entry has a corresponding 
counter exit from which all counter detail 
printing and total printing is obtained. These 
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hubs are normally wired to the alphameric 
or numeric print entry for counter detail 
printing and total printing or to the exits of 
other counters for total transfer or cross- 
footing operations (to be described later). 
The use of all the hubs just described is 
illustrated in Fig. 8-16. Wire 1 reads the 
amounts into counter 8D and wire 2 impulses 
counter 8D to add on every card cycle. The 
amounts will be printed in the numeric type- 
bars by the wires shown in 3. Wire 4 will 
cause the final total in counter 8D to be 
printed under the control of the final-total 
key, while wire 5 will cause the amounts to 
be printed from each card. 

PROBLEM 3: Add the wiring to the diagram 
from PROBLEM 2 to total the discount, 
invoice amount, and amount to pay in 
counters 6A, 8A, and 8B. Detail print 
these amounts, and print the accumulated 
totals from the respective counters. 

PROGRAM CONTROL 

Program control is the function by means 
of which the machine can distinguish the 
cards of one classification from those of 
another. The cards in a single classification 
are referred to as a program group; for 



example, after payables distribution cards 
have been sorted by department number, the 
cards for one particular department are re- 
ferred to as a single-program group. 

The machine, by the use of the second and 
third sets of reading brushes, can read si- 
multaneously the holes punched in two suc- 
cessive cards. Each card, when it is at the 
second station, is compared with the pre- 
ceding card, which is at the third station. 
When a card passes the third station, it is 
compared with the succeeding card, which 
is at the second station. Thus, each card 
passing through the machine is compared 
twice, once with the card ahead of it and 
once with the card following it. If the fields 
are punched the same, indicating that the 
cards are of the same program group, the 
machine will continue to feed cards. When 
the punching in the field of one card does 
not compare with the punching in the field 
of the card preceding it and the panel is 
properly wired, the machine will automati- 
cally start a total-program cycle. 

Three types of totals are possible on the 
402 -minor, intermediate, and major. They 
are also known as program levels 1, 2, and 
3. A minor program is used for the classi- 
fication representing the smallest grouping, 
intermediate program for the next larger 
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Fig. 8-16. Wiring for addition 

(Courtesy of International Business Machines.) 
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grouping, and major program for the largest 
group. If totals of sales amount were to be 
printed by state, by city, and by customer 
number, customer number would be consid- 
ered a minor group, city an intermediate 
group, and state a major group. 

COMPARING UNIT: G-J, 25-44 

The number of comparing positions de- 
pends upon the model of the machine. Each 
position consists of two comparing entry 
hubs and two comparing exit hubs. The two 
common comparing exit hubs are diagonally 
arranged to facilitate wiring. 

Comparison is accompli shed by wiring the 
fields to be compared from the second read- 
ing hubs to one row of comparing entries 
and from the third reading hubs to the other 
row of comparing entries (Fig. 8-17). Either 
row of comparing entries may be wired from 
either set of brushes. Although any hubs 
within a comparing entry row may be used, 
the corresponding hubs in the other compar- 
ing entry row must be wired. 

During each card cycle, 1-9 and 11-12 
readings to both sides of the comparing en- 
tries are compared. If the readings en- 
tered into the comparing unit are not iden- 
tical, impulses are available at the two 
common comparing exit hubs. Zeros, 
whether used in a numeric or alphabetic 
control field, are not compared. 

The lower left exit hub labeled LC Prog 
Start, I, 25, emits an impulse as the last 
card passes the last control station and as 
the first card passes the first control sta- 
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Fig. 8-17. 



Comparing (Courtesy of Inter- 
national Business Machines. ) 



tion, and may be used to initiate programs 
on the run-in and on the run-out. It is wired 
to Program Start Immediate on the 402. 
The LC hub must never be connected to com- 
paring exit hubs. The comparing exit hubs 
are jacked together in order to allow all un- 
equal impulses to be available from one of 
the exit hubs. The number of exit hubs 
jacked is always one less than the number 
of entry hubs used (see Fig. 8-19). 

The two cards shown in Fig. 8-17 pass 
their respective reading stations at the same 
time. Because the cards are fed into the 
machine face down, 9 edge first, the 3 hole 
at the third-reading station is read before 
the 2 hole at the second-reading station. 
Therefore, the 3 impulse reaches the com- 
paring unit before the 2 impulse, setting up 
an unequal condition in the unit and making 
impulses available at the comparing exit 
hubs. The impulses can be used to stop the 
feeding of cards and start total programs. 

PROGRAM START 

The three I (immediate) hubs, labeled 
minor, intermediate, and major (F-H, 45), 
receive comparing exit impulses from com- 
paring exit hubs to stop card feeding and 
start total programming, one program for 
minor, two for intermediate, and three 
for major. If intermediate program start 
was wired alone, a minor total cycle would 
be forced before the intermediate-total 
cycle. If major program start was wired 
alone, both a minor and an intermediate total 
cycle would be forced before the major total 
cycle. 

TOTAL PROGRAM: CC-FF, 45-50 

Each program level has seven exit hubs 
which emit all cycles impulses whenever 
the corresponding program start is im- 
pulsed. Program start must be impulsed 
before these hubs become active. Minor- 
program exits emit impulses when the mi- 
nor-program start is impulsed. Minor- 
and intermediate-program exits emit im- 
pulses when the intermediate-program start 
is impulsed. Minor, intermediate, and 
major program exits emit impulses only 
when the major program start is impulsed. 

Each row of hubs is completely indepen- 
dent of the other row of hubs and only one 
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row is active at a time. Counters read-out 
and reset automatically when a total pro- 
gram is wired to a counter total entry. 
After total printing, the machine restarts 
automatically for the following group. The 
fourth level shown on the diagram is a spe- 
cial feature, 

ASTERISK (*) SYMBOL: CC-GG, 41 

An asterisk maybe printed from all odd- 
numbered numeric typebars by wiring one 
of the asterisk symbol hubs to numeric 
print entry - hub F to print an asterisk for 
final totals, hub 1 for minor totals, hub 2 
for intermediate totals, and hub 3 for major 
totals. Hub 4 is used with the special pro- 
gram. The hub labeled ALL will emit a 10 
impulse to print an asterisk for all total 
programs. 

DETAIL PRINTING - MINOR, INTERME- 
DIATE, AND MAJOR PROGRAM 

The expense distribution form shown in 
Fig. 8-18 is a detail-printed report. The 
smallest group on this report is subledger 
number and is therefore referred to as the 
minor group. The largest group is depart- 
ment and is referred to as the major group. 
The group between the minor and major is 
general ledger and is referred to as the in- 
termediate group. 

For each of the three groups mentioned, 
there is a corresponding total. The first 

minor total, $1,409.42, was printed from 
one counter when the machine recognized 
a change from 660 to 700 in the subledger 
number. The first intermediate total, 
$2; 085. 37, was printed from another counter 
when the machine recognized a change from 
913 to 915 in the general ledger number. 
The first major total, $4,204.87, was printed 
from a third counter when the machine rec- 
ognized a change from 41 to 43 iri depart- 
ment number. 

Just as the three groups are known as the 
minor, intermediate, and major groups, the 
totals are known as minor, intermediate, 
and major totals. 

Wiring for programming (Fig. 8-19) is 
illustrated by the following: 

1. Subledger is wired from columns 33 to 



35 of both second and third reading to 
comparing entry. Two jackplugs in the 
corresponding comparing exits make all 
three comparing positions common, so 
that if there is an unequal condition in 
any one of the three, a comparing exit 
impulse will be available either from the 
fourth hub in the top row or the seventh 
hub in the second row. This impulse 
is directed to program-start minor and 
causes the machine to initiate a program 
cycle for every change in subledger 
group. 

2 . General ledger is wired from columns 
30 to 32 of both second and third read- 
ing to comparing entry. The compar- 
ing exit is wired to program-start in- 
termediate to initiate a second program 
cycle for every change in general led- 
ger group. 

3. Department is wired from columns 36 
to 38 of both second and third reading 
to comparing entry. The comparing 
exit is wired to program-start major 
to initiate a third program cycle for 
every change in department group. 

4. Counter 8 A is wired to read-out and 
reset on a minor program, counter 8B 
on an intermediate program, and coun- 
ter 8C on a major program. The coun- 
ter entry and exit wiring is not shown 
on the diagram. 

5. Subledger, general ledger, and depart- 
ment are printed for each card by wir- 
ing each of the three fields from third 
reading directly to alphameric print 
entry. 

6. An asterisk is printed to the right of 
every minor total by wiring asterisk 
symbol hub 1 to numeric print entry 9. 

7. The machine is wired to detail print 
every card. 

PROBLEM 4: Prepare a diagram to show 
comparing, addition, detail printing, and 
counter total read-out and reset. The 
minor control field is in columns 11 to 
13; the intermediate control field is in 
columns 21 to 23; and the major control 
field is in columns 31 to 33. Add the 
minor, intermediate, and major amounts 
in card columns 14 to 16, 24 to 26, and 
34 to 38 into counters 4A, 4B, and 6C. 
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Fig. 8-18. Expense distribution statement and payables distribution card 
(Courtesy of International Business Machines. ) 
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Fig. 8-19. Wiring for numeric programming 

(Courtesy of International Business Machines. ) 



Print the totals in numeric print entry 
typebars 21 to 24, 26 to 29, and 9 to 14. 
Print asterisks for each level of totals 
in numeric print entry types 25 for minor, 
31 for intermediate, and 15 for major 
totals. (Indicate necessary hammer- 
splits. ) 

PROGRAM CONTROL ON ALPHABETIC 
FIELDS 

Alphabetic as well as numeric informa- 
tion may be compared and printed. As shown 
in Fig. 8-20, the wiring to the comparing 
unit is the same. 



In order to print as well as compare al- 
phabetic information, two uses must be made 
of the second reading station - one to zone 
and one to compare. Therefore, split wires 
are necessary. 

SUBTRACTION IN THE IBM 402 ACCOUNT- 
ING MACHINES 

We often find it necessary to subtract as 
well as add amounts in a counter. An ex- 
ample of this is subtracting income tax de- 
ductions when preparing payroll checks. It 
is possible to both add and subtract in a 
counter of an accounting machine. Each 
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Fig. 8-20. Wiring for alphabetic 
programming (Court- 
esy of International 
Business Machines. ) 

operation must be handled separately; it is 
impossible to add and subtract in one coun- 
ter group during the same machine cycle. 
When adding, we instructed the counter 
to add the contents of a field from a card at 
third read by impulsing the counter control 
plus. When subtracting, the field to be sub- 
tracted must be wired from third reading to 
counter control entry, but instead of im- 
pulsing counter control plus, the counter 
control minus hub must be impulsed. 

COUNTER CONTROL MINUS: U-V, 51-66 

Each counter has two common minus 
hubs which, when wired from a card cycles 
impulse, cause the counter to subtract. 
Subtraction on the 402 is accomplished by a 
system of complementary arithmetic where, 
in order to subtract, the 9s complement of 
the number is added. If a card cycles im- 



pulse were wired directly to minus, all 
cards would subtract. If only certain cards 
are to subtract, the card cycles impulse 
must be controlled. In most applications, 
we want to add certain cards and subtract 
from other cards. Subsequently, the cards 
to be subtracted must have some distinguish- 
ing control punch. 

Subtract cards are usually identified by 
an X or 11 punch in some specified column 
of the card. The cards to be added into the 
counter group will not have the X or 11 
punch. The machine is now able to read 
this column of the card and decide whether 
to add or subtract the amount punched in 
the card; in other words, add all NX cards 
and subtract all X cards. 

To make this possible, we must use a 
decision-making device - a selector. Any 
pilot selector maybe used for this purpose. 
To operate this selector, we must wire the 
X pickup from second reading from the card 
column containing the X-punch. The selec- 
tor then transfers on the next cycle, just 
before the card to be subtracted is read at 
the third-reading brushes. We can now use 
this selector to decide whether to add or 
subtract, that is, to pick up either counter- 
controlled-plus or counter-controlled-minus 
relays. When the plus relays are picked up, 
the counter adds, as previously explained. 
When the minus relays are picked up, the 
counter subtracts. 

PILOT SELECTORS: E-M, 51-66 

The number of two-position pilot selec- 
tors depends upon the model of the machine. 
They can be used independently, or in con- 
junction with other selectors (coselectors: 
W-Y, 1-40, D-F, 25-44) on the control panel. 
The guiding function they perform when used 
with coselectors gives them the name pilot 
selectors. 

The two positions in each selector are 
vertically arranged. Each position has a C 
(common), an N (normal), and a T (trans- 
ferred) hub and three pickup hubs (X, D for 
digit, and I for immediate). These pick- 
up hubs are used to control the selectors, 
which, in turn, are used to control various 
machine functions, such as to add amounts 
from certain cards and to subtract amounts 
from other cards. 
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One of the most common methods of dis- 
tinguishing one card from another is by an 
X punch in some column of the card. 

A digit may also be used as a distinguish- 
ing punch to pick up a pilot selector. The 
column in which it is punched is wired to 
the digit-pickup hub. If more than one digit 
is punched in the column wired to the D 
pickup, the distinguishing digit must be se- 
lected. Once the digit impulse has reached 
the pilot-selector pickup, the action of the 
selector is identical to that of one picked up 
by an X punch. The difference between the 
two pickups is that a D pickup will accept 
any digit impulse from 9 through 12, while 
an X pickup will accept only X or 12 
impulses. 

The immediate-pickup hubs for each se- 
lector will accept any impulse and transfer 
the selector immediately, instead of one 
cycle later. When the X or D hubs are im- 
pulsed, the I hub will emit an impulse as 
the selector transfers for the following cycle 
and will emit this impulse oace each cycle 
thereafter, if the selector remains trans- 
ferred. This impulse is a short-pickup 
impulse which can be used as a means of 
expanding the pilot selector beyond two po- 
sitions by picking up coselectors (A and B, 
58-66; C and D, 58-61). When an I pickup 
hub is used in this manner, it is called a 
coupling exit . Thus, any coselector to which 
it is wired functions exactly like the pilot 
selector. 

Whenever the X or D hub of a selector is 
impulsed, the selector transfers on the fol- 
lowing cycle and remains transferred until 
the controlling card has been read at third 
reading. Thus, If card feeding Is inter- 
rupted for any reason, such as for total 
printing, the selector would be transferred 
during the printing cycle and the following 
card cycle. 

Whenever the I hub of the selector is im- 
pulsed, the selector transfers during the 
same cycle and remains transferred for 
that cycle only. 

The following summarizes the action of 
selectors: 

Coselectors - transfer immediately and re- 
turn to normal at the end of the cycle on 
which they were picked up. I Pickup - 
transfers immediately and returns to nor- 



mal at the end of that cycle. D and X Pick- 
up - transfers on the following machine 
cycle and returns to normal at the end of 
the following card-feed cycle. 

INTERNAL SCHEMATIC SUBTRACTION 

When adding into a counter, it was nec- 
essary only to start the adding wheel in 
motion electrically. It was stopped me- 
chanically at time. However, when sub- 
tracting, it is necessary to start and stop 
movement of the adding wheel electrically. 

When the minus relays are picked up, 
we complete an internal electric circuit to 
start advancing all the wheels in the counter 
group at 9 time. The wheels continue to 
advance until stopped by an impulse to the 
stop magnets. These impulses are received 
from the third-reading brushes reading the 
holes punched in the card. Let us assume 
that we already have 06 accumulated in 
counter group 2A(Flg. 8-21). The next card 
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Fig. 8-21. Machine-cycle time (sub- 
traction) (Courtesy of Inter- 
national Business Machines. ) 
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to pass the third- reading brushes is a sub- 
tract card with 03 punched in the amount 
field. Because the minus relays are picked 
up, we start advancing both counter wheels 
at 9 time. The units-position wheel does 
not stop until the 3 hole in the card is read 
by the brush. Don't overlook the fact that 
we are starting out with a 6 already in the 
counter wheel. 

Looking at the illustration, we find that 
6 cycle points have passed before the 3 hole 
was read by the brush (9 to 3); this means 
that the adding wheel was advanced 6 cycle 
points before being stopped. That is, the 
wheel advanced from 6 to 7 to 8 to 9 to to 
1 to 2 (Fig. 8-22). 

The lOs-position counter wheel was 
treated in the same manner, only in this 
position we have a punched in the card and 
we started with a standing in the counter 
wheel. 

The wheel was advanced 9 cycle points 
before being stopped and the counter wheels 
are now standing at 92 (Fig. 8-21). 

As previously explained, each time a 
counter wheel moves from 9 to 0, the wheel 
to its left within the same counter group 
automatically rotates one position more at 
carry time. 

Brush 



6-7-8-9-0-1 -2 



987654 #^2 10 3-Hole in Card 



Fig. 8-22. Counter wheel advanced six 
cycle points (Courtesy of 
International Business 
Machines. ) 
As the high-order counter wheel moves 
from 9 to 0, we complete a circuit through 
control-panel wiring to cause the units- 
position counter wheel to advance one posi- 
tion. This is done by wiring the carry im- 
pulse exit hub to the carry entry hub (Fig. 
8-23). We now have 92 standing in the coun- 
ter wheels. However, the units-position 
wheel did move from 9 to 0, causing the 
tens position to advance 1. The tens-posi- 
tion wheel then moved from 9 to 0, causing 
a carry through the control-panel wire back 
to the units-position wheel advancing it one 
position. 

06 In counter 

96 Nines complement of 03 added in 
counter 



92 In counter before CARRY time 
1 Carry impulse held until CARRY 
time 

(1) 02 In counter due to carry in tens po- 
sition as during CARRY time (in- 
ternal circuits) 
1 Carry impulse transferred from 
high to units position during CARRY 
time by CI to C wiring 

03 Standing in counter at end of card 
cycle 

So we complete this card cycle with 03 stand- 
ing in the counter wheels. This is the cor- 
rect total for our problem of 06 minus 03. 



CARRY EXIT, 
51-66 



CARRY ENTRY: DDandEE. 



These hubs have two functions, counter 
coupling and carry-back in subtraction. Two 
or more counters, up to a maximum of 16 
positions, may be coupled together by wiring 
the CI of the counter containing the units po- 
sition to the C of the coupled counter. 

The CI and C hubs are also used for carry 
back from the left position of a counter to the 
units position of the same counter or from 
CI to C. This is necessary when subtract- 
ing, to compensate for the shortages that 
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Fig. 8-23. Positive and negative results 
(Courtesy of International 
Business Machines. ) 
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would result because of the use of the 9s 
complement method. The carry over is 
added back into the units position when the 
high order position goes from 9 to 0, by- 
wiring CI to C of the same counter. If the 
carry back is omitted, every positive total 
would be short, and every negative total 
would be over after being converted (Fig. 
8-23). 

Now you might ask, "Suppose the amount 
being subtracted in a counter group is larger 
than the positive amount we already have ac- 
cumulated in the counter?" The answer is, 
the counter then turns negative. For ex- 
ample, let's use a four-position counter 
group and assume we already have 0745 ac- 
cumulated in the counter. From this amount 
we subtract 0856: 

Manual -0856 

Computation: +0745 
-0111 
Machine 0745 Standing in counter 

Computation: 9143 Add nines complement 

of 0856 

9888 Total 

We now have 9888 accumulated in the 
counter at the end of our computation. The 
9 standing In the high-order position of the 
counter indicates to the machine that this is 
a negative or credit amount. When subtract- 
ing into a counter in the 402 it is imperative 
that the high-order position always be left 
available for this purpose. 



NEGATIVE-BALANCE-TEST EXIT: 
51-66 



AA. 



Each counter has a negative-text exit hub 
which emits an impulse when the counter is 
negative on a program cycle. Negative-bal- 
ance-test exit is normally wired to negative - 
balance control to convert complements to 
true figures or to a pilot-selector pickup. 

A negative-balance-test exit also emits 
an impulse for a zero balance in the counter 
when zero balances are indicated by nines. 



NEGATIVE-BALANCE CONTROL. BB and 
CC, 51-66 

Each counter has a pair of common nega- 
tive-balance-control entry hubs which, when 
impulsed from negative -balance-test exit, 
cause a complement figure to be converted 
to a true figure before it is printed. When 
counters to be converted are coupled, the 
negative-balance-control hubs for those 
counters must also be coupled. The nega- 
tive-balance-test exit of the high-order 
counter only must be wired to negative- 
balance-control. 

Our counter is now standing at 9888 or 
0111 negative. If the next card to be accu- 
mulated is a positive or an add card, and 
the amount is greater than 0111, the counter 
will then turn positive again and a should 
appear in the high-order position. Assume 
the next card is positive and the amount is 
0245: 

Manual Machine 

computation computation 

+0245 9888 Amount in wheels 

-0111 +0245 + amount in card 



+0134 
indicates 
positive 
amount 



9023 
1111 

0134 



Carry 
Total 



To have a conversion take place, we must 
wire the control panel as shown in Fig. 8-25, 
wire 9. 

The fact that we have the negative-bal- 
ance-test exit hub wired to the negative- 
balance control hub allows the machine to 
test the high-order position of the counter 
group. If there is a 9 present, the machine 
knows that the amount is negative and should 
be converted before printing takes place. 
The total cycle is then held up, and the ma- 
chine takes a conversion cycle. During a 
conversion cycle, the machine adds 1, 3, 5, 
7, or 9 to the amount already standing in 
the wheels. All carry operations are sus- 
pended during a conversion cycle. Let us 



118 



THE 402 ACCOUNTING MACHINE 



see how we convert 9888 to 0111 before 
printing: 

9888 

1333 added during conversion cycle 

0111 
The 1333 added came from internal cir- 
cuits established when the machine decided 
conversion was necessary for this counter. 
The high-order position of a counter group 
is tested for the presence of a 9 only when 
the counter is impulsed to total. 

CONVERSION - 402 

When subtracting, we found that a counter 
may turn negative, such as the 9888 we had 
previously. If the machine at this particu- 
lar time had sensed a control change and 
signaled for this counter to print a total, the 
total printedwould have been 9888. The op- 
erator might believe this to be a positive 
total of $98.88, which is not so. Actually, 
the total is $1. 11 negative or credit. So, a 
conversion of the complement to a true neg- 
ative figure should take place prior to print- 
ing the total. 

How do we wire the 402 control panel if 
two counter groups are coupled together to 
form a larger counter group? Assume we 
are coupling counter groups 8A and 8B to- 
gether to form one 16-position counter group. 
First, we must consider carrying from 
one group to the other. We must wire the 
CI hub of counter group 8B to the C hub of 
counter group 8A. This will enable us to 
carry from the eighth-position counter wheel 
into the ninth-position counter wheel. If the 
sixteenth-position counter wheel advances 
from 9 to 0, we must also be able to carry 
back into the units-position wheel in counter 
group 8B. This is accomplished by wiring 
the CI of counter 8A to the C of counter 8B. 
What control-panel wiring is necessary 
to convert 8 A and 8B? With the two counter 
groups coupled together, the high-order 
position of counter 8B has now lost its iden- 
tity. The high-order position of the two 
combined counter groups is the high-order 
position of counter 8A. Now this is the po- 
sition the machine must test for a 9 indi- 
cating a negative amount. Therefore, the 
negative-balance test exit for counter group 
8 A must be wired to 8 A negative-balance 



control. We must also wire the negative- 
balance control hub of counter 8B; other- 
wise only 8 A is converted. 

COUNTER EXIT SUPPRESSION: Y and Z, 
51-66 

Each counter also has a pair of counter 
exit suppression hubs. They are entries to 
suppress printing amounts from the coun- 
ters. They can be impulsed by the follow- 
ing impulses; 

When impulsed by Printing Is suppressed 

for 



Negative-balance- 
test exit 

Card cycles 



Total printing when the 
counter is negative 

Detail printing from a 
counter 

First card printing in 
a group printing op- 
eration 

Total printing 



First card minor, 
intermediate, or 
major 

Total program 
(minor, major, 
intermediate, 
and final) 

When counter exits are suppressed, CR 
symbols exits are also suppressed. 

CR SYMBOL EXIT: FF, 51-66 

Each counter has a credit-symbol exit 
hub which emits an impulse which can be 
used to print a CR symbol either for a sub- 
tracted item or for a negative total. Credit 
symbols print from all even-numbered nu- 
meric typebars. If the CR hub is wired to 
such a typebar, it will print a CR symbol 
whenever the minus hub of the counter is 
impulsed on a card cycle and whenever the 
counter prints a converted negative total. 
Therefore a CR symbol would print for zero 
balances. Whenever counter exits are sup- 
pressed, the CR symbol exit is also sup- 
pressed. 

The following is an example of subtraction: 

The X punch in one of the sales account- 
ing cards shown in Fig. 8-24 identifies it 
as a charge back to the salesman's commis- 
sion account. The NX card is a debit card 
and is punched with the commission amount. 
Whenever the X card is read, the amount 
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ADD NX; SUBTRACT 



COMMISSION STATEMENtX \ 

SALESMAN: M A C Y 6 7 DATElK^3 iS. 


INVOrCE NO. 


COMMODITY 


SALES AMOUNT 


RETURNS AND 
ALLOWANCES 


> > 

COMMISSION AMOUNT 


12176 
12176 
12176 
13176 


1 43 03 
14 7 2 
1610 2 
63706 


2-3 

81 

68 

223 


00 

00 
85 
50 






3 

3 
3 


99 
65 
10 
35 



99590 
99590 



3 5106 

4 61 06 



2 3 9j2 5 
2 8 6j 5 
5 2 5l7 5 « 



7|1 a CF 
1114 6 CR 
12 6113 * 



7621143 

Fig. 8-24. Commission statement and sales accounting card 
(Courtesy of International Business Machines. ) 



punched in the commission field is subtracted 
in counter 8A; whenever an NX card is read, 
the amount punched in the commission field 
is added in counter 8A. 

The following wiring for subtraction is 
depicted in Fig. 8-25, 

1. The commission amount is wired from 
third reading to counter 8A entry. 

2. The X in column 78, identifying credit 
cards, is wired from the second-reading 
station to the X pickup of pilot-selector 



1. The X must be read from the second- 
reading station so that the pilot selector 
will be transferred by the time the card 
reaches the third-reading station. 
3. A card-cycles impulse is wired to the 
common of the pilot selector. An X in 
the card transfers the selector, and 
the card cycles impulse controls counter 
8A to subtract. An NX card does not 
transfer the selector, and the card 
cycles impulse controls counter 8A to 
add. 
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45 46 47 48 49 JO 51 53 -53 S4 55 56 57 M 5« 



Fig. 8-25. Wiring for subtraction 

(Courtesy of International Business Machines. ) 



4. An all-cycles impulse is wired to LIST, 
to detail print every card. 

5. Both the detail amount and the total 
amount are obtained by wiring from 8A 
exit to numeric print entry 14-18. 

6. Credit listings and credit totals are 
identified by wiring the credit symbol 
exit of 8 A to numeric print entry 20. 

7. Minor totals are identified by wiring 
the * symbol hub (minor) to print entry 
19. 

8. Whenever amounts are to be subtracted 
in a counter, the CI and C of that coun- 
ter must be wired. 

9. A complement amount standing in coun- 
ter 8A is converted to a true figure by 
wiring the negative-balance-test exit of 
8A to the negative -balance control of 8 A. 



Negative-balance-test exit of 8A emits 
an impulse on a total program, when- 
ever there is a 9 standing in the left or 
high-order position of 8A. Negative- 
balance control receives an impulse 
from negative-balance-test exit on a 
total program to cause conversion 
factors to be added to the complement 
figure, 
10. Counter 8 A is cleared for total print- 
ing on a minor-total program. The 
program is initiated by an impulse 
from the comparing exit resulting from 
a change in salesman number. 

PROBLEM 5: Draw a diagram to show the 
wiring for the following: Compare on 
card columns 1 and 2, on a change of group 



THE 402 ACCOUNTING MACHINE 



121 



take a minor total. Add columns 6 to 12 
into counter 2C and 8C, unless it is an 
X80 card, then subtract columns 6 to 12 
from counter 2C and 8C. Detail print 
the amounts in numeric print entry type- 
bars 17 to 26. When printing a negative 
amount print a CR symbol in numeric 
typebar 28. Print an asterisk on every 
minor total in number typebar 27. 

X- SELECTION 

Selectors play a more important part on 
the accounting machine than on any of the 
other unit record machines. You have just 
seen how they were used to determine 
whether to add or subtract in a counter. 
You should bear in mind that even though 
the selectors that have been discussed in 
this text vary in some aspects, their main 
function is the same. That function is to 
allow an impulse to pass through the trans- 
fer hubs under specific conditions; other- 
wise the impulse is available from the nor- 
mal hub. 

In the following illustration the selectors 
are used to allow amounts for different types 
of transactions to be added in separate 
counters even though the amount is punched 
in the same field of the card. This is ac- 
complished by means of an X or digit se- 
lection. In the example in Fig. 8-26, the 
item amount field represents sales on NX 
cards and returns on X cards. 

In this report, the item amount is detail 
printed and the total is printed in the sales- 
amount column of the report for all NX 
cards and in the returns and allowances col- 
umns for all X78 cards. 

The following wiring for control of the 
counters is shown in Fig. 8-27. 

1. The amount is wired to both counter 
entries (8A and 8B). This allows both 
or either counter to receive the amount, 
depending on the counter control hubs. 

2. The sales amount is detail and total 
printed by wiring counter 8B exit to al- 
phameric print entry 36-43. 

3. Returns and allowances are detail and 
total printed by wiring counter 8A exit 
to numeric print entry 1-8. 

4. Pilot selector 2 is picked up from X78 
at the second-reading station. This 



will cause the selector to be trans- 
ferred on the next cycle when the re- 
turns and allowances card is at the 
third-reading station. 

5. When this happens counter 8A will be 
impulsed to add. Otherwise counter 8B 
will be impulsed to add. 

6. The wire from minor-total program to 
8 A and 8B totals will cause both coun- 
ters to read-out and reset for every 
change in salesman number. 

7. The machine is wired to detail print. 

PROBLEM 6: Draw a diagram to produce a 
report using counter 8C to accumulate 
the amounts in the X80 electric cards 
and counter 8D to accumulate the amounts 
in the NX80 gas cards. The amount field 
is in columns 51-55. Compare on col- 
umns 7 to 9. Print the electric amounts 
in numeric print entry 10-17 and the gas 
amounts in normal alphameric print en- 
try 10-17. Print both totals on a minor 
break. 



DIGIT SELECTION 

A digit punch as well as an X punch may 
be used to control pilot selectors. If the 
presence of any digit in a card column is 
sufficient to identify a particular type of 
transaction, then the column containing the 
digit may be wired directly to the D pickup 
of a pilot selector. If a specific digit is 
necessary to identify a particular type of 
transaction, then a digit selector is neces- 
sary. 



DIGIT SELECTOR: A-D, 45-57 

There are two optional digit selectors 
shown on the control panel - A and B. Each 
selector has a pair of C (common) entry 
hubs and exits for each of the digits 9 through 
and for 11 and 12. When C is wired from 
a card column, the hubs 9-12 will emit im- 
pulses corresponding to the digits punched 
in the column. These digits may be used to 
pick up pilot selectors or to operate func- 
tions of the machine that may be controlled 
by digit impulses. Digit selectors are op- 
erative on card-feed cycles only. 
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Fig. 8-26. Commission statement and sales accounting card 
(Courtesy of International Business Machines. ) 
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S3 34 33 3i 37 3a 39 30 31 » 33 34 33 36 37 33 39 40 4T 47 43 44 



43 46 47 43 49 50 it S3 53 j4 55 SA 57 54 59 60 61 62 63 64 65 6d 




^3 3' 35 36 37 3< 34 30 31 33 33 34 35 36 3/ 39 39 40 41 <3 43 



45 46 47 40 49 50 51 S3 53 54 55 56 57 56 5« 60 61 6? 63 64 65 66 



Fig. 8-27. Wiring for X-selection (Courtesy of International Business Machines. ) 



Figure 8-28 shows how a digit selector 
Impulsed from the 7 hub of second reading 
can select only 5 impulses to pickup pilot 
selector 4 to control adding in counter 8A 
or 8B. Notice that the impulse from second 
reading is wired to the C hub of digit selec- 
tor A and that the 5 impulse is available only 
from digit selector A. 

DIGIT EMITTEBS 

You should be familiar with digit emit- 
ters from the 514 Reproducer. A digit emit- 
ter makes an impulse available at to 9 and 
11 and 12 time. 

The digit selector can be used as a digit 



emitter when it is impulsed by the DI hub 
(K, 44). The DI (digit impulse) hub emits 
an impulse for every digit 9 through and 
for 11 and 12 for every machine cycle in- 
cluding run-in and run-out cycles. When it 
is wired to the C hub of a digit selector, all 
digits are active for every card-feed cycle. 
The digit selector then becomes a digit emit- 
ter. (Cycles impulses should never bewired 
through a digit selector. ) 

PROBLEM 7: Draw a diagram showing the 
DI wired to C of digit selector A making 
it a digit emitter. SEP 13 is to be printed 
in alphameric typebars 31 to 36. The 
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Fig. 8-28. Wiring for digit 

selection (Courtesy 
of International 
Business Machines. ) 

zone and digit punches necessary to print 
SEP 13 are: 
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SELECTIVE PRINTING 

Certain cards of a group may be detail 
printed while other cards are group printed 
by the use of a pilot selector. The cards 
to be detail printed must be distinguished 
from those to be group printed by an X or 
digit, which is wired from the second-read- 
ing station to the pickup of a pilot selector. 
If X or digit cards are to be printed, a card- 
cycles impulse should be wired to the com- 
mon of a pilot selector and out of the trans- 
ferred side to LIST. If NX or no-digit cards 
are to be printed, the card cycles impulse 
is wired out of normal of the selector to 
LIST. All cards other than those to be se- 
lective printed will group print. 



PROB LE M 8 : Draw a diagram to list a field 
in columns 25 to 30. X80 cards are to 
be detail printed while NX80 cards are 
to be group printed. Print in normal 
alphameric print entry 38-43. 

OFFSET TOTAL PRINTING 

It is often necessary to detail print 
amounts from one set of typebars and print 
their total from another set of typebars di- 
rectly beneath other printed information. 
This type of printing can be done only when 
the second- and third-reading stations are 
used to read alphabetic Information. 

In the example in Fig. 8-29, the name of 
the insured is printed from alphameric type- 
bars 11 to 25, and the amount of insurance 
is printed from alphameric typebars 27 to 
31. The total amount of insurance would 
normally print below the detail amounts. 
The total may be offset in typebars 16 to 
20, as shown in the illustration, by wiring 
the exit of the counter containing the amount 
of insurance to the same typebars that are 
printing the name of the insured. Counter 
detail printing is suppressed by wiring a 
card-cycles impulse to counter exit sup- 
pression. The amount of insurance is 
printed by wiring it directly from third read 
to the typebars. (When offset totals are 
printed from numeric typebars, care must 
be taken that the hammersplit levers raised 
for suppressing zeros in detail printlngwill 
not interfere with the printing of zeros in 
the offset total. ) 

PROBLEM 9: Draw the diagram necessary 
to print the report illustrated in Fig. 



POLICY NUMBER 


NAME OF INSURED 


AMOUNT 
OF 

INSURANCE 


9184 6703 

60942301 

66450398 

138149275 


EVELYN SMITH 
DOROTHY GREEN 
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DONALD GREW 


15 00 
2500 
5000 
2000 


POLICIES 


TRANSFERS 


TOTAL AMT. INSURANCE 


REVIVALS 






11000 





Fig. 8-29. Offset total printed report 
(Courtesy of International 
Business Machines, ) 
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8-29). The name of the insured is in col- 
umns 1 to 15 and is to be detail printed 
in normal alphameric print entry 11-25. 
The amount of insurance is in columns 
16 to 20 and is to be detail printed in nor- 
mal alphameric print entry 27-31. The 
total which is accumulated in counter 6B 
is to be printed in normal alphameric 
print entry 16-20. Totals are printed on 
a minor-program cycle. Comparison is 
made on columns 71 and 72, which con- 
tain the type of insurance. 

HAMMERLOCK CONTROL 

Each typebar on the 402 is equipped with 
two hammerlock levers, a short lever on 
the right and a long lever on the left. When 
both levers are down (Fig. 8-30 A) the ham- 



mer will hit the typebar on every cycle. 
When the short hammerlock lever is raised 
(Fig. 8-30 B) the hammer will not hit the 
typebar, and therefore no printing will take 
place. 

When the long hammerlock lever is 
raised, the firing of the hammer is under 
the control of the hammerlock hubs on the 
control panel. When the hammerlock hubs 
do not receive an impulse, the hammer will 
fire because the support bar remains in a 
normal position (Fig. 8-30C) When the ham- 
merlock hubs do receive an impulse, the 
hammer will not fire because the support 
bar is tilted just enough to stop it from fir- 
ing (Fig. 8-30D). (Hammerlock levers 
should not be raised while typebars are 
printing. ) 

In summary, short hammerlocks sup- 



SHORT 
HAMMERLOCK' 



LONG 
HAMMERLOCKy 




HAMMERLOCK 
SUPPORT 8AR 





Fig. 8-30. Hammerlock levers 

(Courtesy of International Business Machines.) 
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press printing all the time, and long ham- 
merlocks suppress printing when wired to 
do so. 

HAMMERLOCK HUBS: A, 41-44 

When these hubs are impulsed, printing 
will be suppressed from those typebars for 
which the long hammerlock levers are 
raised. The D pickup hubs receive X or 
digit impulses to control hammerlocking on 
the following cycle. If the X is punched in a 
column which is also digit punched, a col- 
umn split unit must be used. The immedi- 
ate pickup hubs receive impulses to control 
hammerlocking on the same cycle and nor- 
mally wired from total program to suppress 
printing on program cycles or from the first 
card hubs to suppress printing for the first 
card of a group. If hammerlocking is de- 
sired for NX or no digit cards, a card-cycles 
impulse must be controlled through a pilot 
selector. It is not possible to hammerlock 
some of the typebars with one kind of im- 
pulse and other typebars with another kind 
of impulse. All 88 typebars are subject to 
hammerlock control from a single impulse. 

COLUMN SPLIT: N-P, 41-44 

Column splits are active on card cycles 
only. Normally they are used to separate 
11 and 12 impulses from to 9 impulses 
read from a card column or the DI hub. 

Figure 8-31 illustrates the use of ham- 
merlocking and column splits with the fol- 
lowing wiring: 

1. Hammerlocking may be controlled from 
an X card by raising the long hammer- 
lock levers for those typebars from 
which the information will print. For 
X hammerlock, the X is wired from the 
second reading station through a col- 
umn split, to hammerlock D pickup. 
Hammerlocking will take place on the 
following cycle or as the card passes 
the third station. 

2. Heavy lines on the diagram show the 
wiring for hammerlocking for NX cards. 
Column 40 is wired from second reading 
to the X pickup of a pilot selector. A 
card-cycles impulse is wired through 
the normal hubs of the selector to ham- 
merlock immediate pickup. As each 
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Fig. 8-31. Wiring for hammerlocking for 
X or NX cards (Courtesy of 
International Business 
Machines. ) 

NX card passes the third-reading sta- 
tion, a card-cycles impulse controls 
hammerlocking immediately, and if the 
long hammerlock levers are raised, 
printing will be suppressed. 
3. The dotted wire from the transferred 
hub of the selector to I hammerlock 
shows the wiring for X cards. When- 
ever a card-cycles impulse is used to 
control hammerlocking, it must be 
wired to the I hub. Whenever X or digit 
impulses are used, they must be wired 
to the D hub. 

PROBLEM 10: Draw a diagram for ham- 
merlocking Dor No D cards. (Just draw 
the necessary wires as in Fig. 8-31.) 
If there is a 2 in column 40, impulse the 
hammerlock D pickup hub. If there is no 
2 in column 40, impulse the hammerlock 
I pickup hub. 

PROBLEM 11: Draw a diagram for ham- 
merlocking from a comparing exit. (Just 
draw the necessary wires as in Fig. 
8-31.) On a comparing break impulse 
the hammerlock D pickup hub. If there 
is no comparing break, impulse the ham- 
merlock I pickup hub. 

GROUP PRINTING 

If the list hub is not impulsed and pro- 
gram start is not wired, the typebars will 
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rise only upon depression of the final-total 
key. If program start is wired, the type- 
bars rise for the first card of each group 
for the purpose of group indication and for 
each program level for the purpose of total 
printing. Figure 8-4 shows a group printed 
report using the same cards that were used 
in Fig. 8-3. The group printed reportelim- 
inated the printing of detail items. 

GROUP INDICATION 

The printing of information from the first 
card of a group only, as shown in Fig. 8-32, 
is called group indication. In detail print- 
ing, the indicative information is normally 
printed repetitively from every card in the 
control group. This repetitive printing may 
be suppressed by selection, by hammer- 
locking, and by printing from counter exits. 
Each method will be discussed in detail, 
following the explanation of the hubs which 
are used for group indication. 

FIRST CD (First card): M, 41-44 

The MI (minor), IN (intermediate), and 
MA (major) first-card hubs emit impulses 
during the print cycle of the first card of 



their respective program groups. They are 
normally wired to counter plus to add the 
first card of a group, to a coselector pickup 
for group indication, tohammerlock control, 
or to carriage skip hubs to cause skipping 
before the first card of a group. 

WIRING, GROUP INDICATION 

Figure 8-33 demonstrates three methods 
of wiring for group indication: 

A. Selector method. The commodity class 
is wired from third reading through the 
transferred points of coselector 6 to print 
entry. The coselector is picked up from 
minor first card, since commodity class is 
wired for minor-program start. The se- 
lector transfers for the first card of every 
minor group, at which time commodity class 
prints and is normal for all other cards in 
the same commodity class. 

B. Hammerlock method. The trade class 
is wired from third reading directly to print 
entry. Intermediate first card is wired to 
the immediate pickup of a pilot selector. A 
card-cycles impulse is wired through normal 
of the selector to hammerlock immediate 
pickup, and the long hammerlock levers are 
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raised for the typebars to which trade class 
is wired. For every intermediate-program 
change, the pilot selector will pick up and 
the hammerlock will not be impulsed, thus 
allowing trade class to print once for each 
intermediate group. 

C. Counter method. The state is wired to 
counter entry 2D, and the major first card 
is wired to the plus of that counter. The 
counter exits are wired to print entry. The 
counter will add the first card of a major 
group. Since counter exits are active when 
the counter is impulsed, the state will list 
once for every major group. 

SETUP CHANGE: B, 43-44: C, 44 

Within reasonable limitations one control 
panel may be used for several different re- 
ports, without any change in control-panel 
wiring, by the use of setup-change switches 
1, 2, or 3, located on the side of the ma- 
chine. Each setup-change switch has a cor- 
responding hub on the control panel which 
emits an impulse on each machine cycle 
when the corresponding setup-change switch 
is turned on. 

The setup-change exits may be wired 
directly to the list hubs or to the pickup of 
a coselector or a pilot selector. The se- 
lector can then be used to change machine 
functions according to the position of the 
setup-change switch. 

In the example (Fig. 8-32), the first re- 
port is detail printed (all cycles to LIST) 
and the second and third reports are group 
printed (no wire to LIST). Without setup 
change this would necessitate the manual 
removal of the wire to LIST as well as the 
insertion of a card-cycles impulse to coun- 
ter exit suppression to eliminate overprint- 
ing, as shown in the deduction column of the 
second report. The total of the group prints 
over the amount printed from the first card 
of the group. 

These wiring changes can be made auto- 
matically by making use of the setup-change 
feature of the machine. There are many 
other uses of the setup change switches to 
vary machine function from one report to 
another, such as programming, hammer- 
locking, or counter clearing. 

Figure 8-34 shows the following wiring 



for this operation when setup-change switch 
1 is changed from off to on: 

1. Setup-change hub 1 is wired to the im- 
mediate pickup of pilot selector 1 and 
switch 1 is turned on. 

2. All cycles, wired through the normal 
side of this selector to list, is elimi- 
nated when the switch is on. 

3 . The card-cycles impulse, wired through 
the transferred side of the pilot se- 
lector, reaches counter exit suppres- 
sion when the switch is on, to prevent 
printing of deductions from the first 
card of the group. 

PROBLEM 12: Draw the following: When 
setup-change switch 2 is on, the I hub of 
hammerlock is impulsed and the minor 
total asterisk is not printed in numeric 
print entry 39. 

TOTAL PRINTING FROM THE SAME 
TYPEBARS 

More than one type of total may be printed 
from the same typebars, without the use of 
selectors. This operationis sometimes re- 
ferred to as total transfer and is based on 
the principle of rolling totals, as they are 
obtained from one counter to another. Each 
total requires a separate counter. Only the 
minor counter adds or subtracts from the 
card, however. On the minor-program 
change, the minor total prints and rolls into 
the intermediate counter. On an interme- 
diate-program change the intermediate total 
prints and rolls into the major counter. On 
a major program change, the major total 
prints. Thus, the major total is the sum of 
all the intermediate totals and the interme- 
diate total is the sum of all the minor totals. 
This method of accumulating intermediate 
and major totals provides substantial proof 
that if the major total is correct, the inter- 
mediate and minor totals which contribute 
to the major total are also correct. 

TRANSFER AND S. P. X CONTROL - PLUS 
AND MINUS: W-X, 51-66 

These hubs emit impulses under the fol- 
lowing conditions: 

1. The transfer plus hub of a counter emits 



130 



THE 402 ACCOUNTING MACHINE 



»$ U 3S 76 ir 78 79 30 31 37 33 34 3S 36 37 39 39 40 41 47 43 44 




40MaiHI^43HDI- 
O O O o lo 
40MliH^^4]lcC' 
o o o o I o 
40-re-FIRSTCD— . 

o o o"oJ.OiOTo 



-NORMAL ALPHAMERICAL PRINT ENIRY- 
o o 

NTRY - 
O O O 
-COUNTER EXIT- 



— COL. SPLIT — 

O X O O R O 

0-9 



MIAL ALPHAMERICAL PRINT ENTRY 40 I 43-p— 

ooooooooooooooo 

-NUMERICAL PRINT ENTRY 40 ^44 



• ♦- y ^..-..^ O O 

\ COUNTER EXIT l MCH STOP-i 45 




TTTwr 
I o 
.,- -o" D>-f> 
75 / 80-3^ 

O O ♦■I.I » I • « g O J 



3 I o «o 



23 24 25 36 77 38 29 30 3 J 37 33 34 3S 36 37 38 39 40 41 43 43 



45 46 47 49 


49 50 


5) 


5} 


5J 


i' 


ss 


M 


17 


S» S9 to il 61,63 


64 6S M 


1 DIGIT SEL 

IIIIIM 

9 » 7 4 5 ' 3 


CIO 

I 
2 

I 

X PU 


D PU 


1 PU 




I 

1 

I 


T 

a 

I 


T 

1 1 

I 


T 

12 

! 


T 

c 

I 


1 CO.SUtCTOR 1 fUS— — 1 

xwwwv 


1 o: o zo POjlo a*« 
■^flipE It piilNOUT 
« offro O 0" O 

S iS -li P2o"^*'"' 
0'£030 oSo 

o Ja Sz3 p3:;;'nout 

« o'^\) 10 - o o 

■^HEAoJ^StNGtl CARO- 

? 91 °~^° 5 MO 











Q 


AND 



00000000 

00000000 

COUPLING tXIT 
00000000 


000 

DPU 
000 

f PU 
000 


-• 


TO 
MO 


























0000000 
0000000 

0000000 


T 

NO 

CO 


o o o-»-o O •- 
INLK.5UP IC— IC 

o-*-o o o o— o 
NI-OF-1-l-ilC t 

O OjflO^O 
-SKIPTO— 1— 3 5^ 

O 1 O O ^^C o 

D 1 ly u 

O 2 O O O «g ^ 
3 o O £^oZ<J 
4 >3/ O O ~/o 

(2) / 

uj050>rO 0/«k. 
jo^oro 0/0 

3 0/0 <o -.0/ 

/ i t: £f * 

/80*OKo^d>:o 


T 
.CO 


\ 








\ 







\ 









0000000 
0000000 
0000000 


T 
NO 
CO 


— PLU 

— MINU 

II 






■^ 


\ 


OUN 






'I 


'I 


^I 


T 


1 -1 -^1 


--MINUS 1 

nil 


^ S " of 5« 

/ o^ooo^o'-'P-o 

otOo " '"p 


I 


I 


I 

RAh 


ANS 



! 

SFI 



FER 


OUN 

I 

3AT 


3AT 

I 


I 

ft Ah 



ANC 


TER 

I 

VE 

a 

VE 

I 
CI 



c c 



CR * 

C 


mi ill 


n 
0000 
0000 
0000 

0000 
0000 


3 













-TR 




\ ; ; 


000 


SP-Sw 

o-*-o 

NB-AC 

o-»o 











', /) 1 '1 


000 


I 


< 

< 


I 


I 


I 

-NE 

N6 

I 


lllllllil 


III 





0- 








jo 1 > 


000 


I 


I 


< 


I 


in_m III 


II! 


Q Y 


° N 


J ID 
< MAJO/ 3 

0/0 
0/4 

S yO 

— — CHyflNEl ENTRY 

ar 





S- 


















10 1 ; 

ARRY ENTRY 1 

Jo 1 ; 


000 
) 











■> 


^^ 


,0 


10 ' ! 
1 1 


000 


i 


■1 


tl 


'I 


:I 


■i 


•l^'^? '? ''? 'T ■'? 


»I"I51 


•^00000 


*A 


n cA °i H °i Fi 



45 « 47 49 49 50 SI 53 5J 54 55 54 57 58 59 40 41 63 43 44 45 44 



Fig. 8-34. Wiring for changing from detail print to group print 
(Courtesy of International Business Machines. ) 



2. 



an impulse whenever the total hub of 
that counter is impulsed and negative 
balance control is not wired. If nega- 
tive balance control is wired, transfer 
plus emits for plus totals, and transfer 
minus emits for minus totals. They 
are normally wired to the counter con- 
trol hubs of receiving counters. 
When the accounting machine is con- 
nected to a summary punch, the sum- 
mary-punch X control plus hub emits 
a summary-punch X impulse on every 
summary punch cycle. If negative bal- 
ance control is also wired, summary- 
punch control X plus emits anX impulse 
for plus totals, and summary-punch 



control X minus emits an X impulse for 
minus totals. For summary-punch op- 
erations, these hubs are normally wired 
to the summary-punch control entries 
so that X's may be punched in summary 
cards for plus or minus balances. 

Figure 8-35 illustrates the printing of 
minor, intermediate, and major totals from 
the same typebars. It is a group-printed 
report with a minor program on city, an 
intermediate program on county, and a major 
program on state. All three totals are 
printed from the same typebars, the inter- 
mediate totals being indicated by one as- 
terisk and the major totals by two asterisks. 
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Fig. 8-35. Printing three totals (same 
typebars) (Courtesy of Inter- 
national Business Machines. ) 



The wiring necessary for this report is il- 
lustrated in Fig. 8-36. 

1. Sales amount is wired from third read- 
ing to counter entry 8A. 

2 . Returns are identified by an X punch in 
column 40. This column is wired from 
second reading to the X pickup of pilot 
selector 2. A card-cycles impulse is 
wired through the normal side of the 
pilot selector to the plus of 8A and 
through the transferred side to the mi- 
nus of 8A. 

3. Counters 8 A, 8B, and 8D are controlled 
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Fig. 8-36. Wiring for total transfer 

(Courtesy of International Business Machines.) 



132 



THE 402 ACCOUNTING MACHINE 



to read-out and reset on minor, inter- 
mediate, and major programs, re- 
spectively. 

4. The exit of 8A is wired to the exit of 8B 
and the exit of 8 B is wired to the exit of 
8D. Counter 8 A is also wired to numeric 
print entry 23-30. Counter 8A is the 
only counter that will add or subtract 
each individual card as it passes the 
third-reading station. Counters 8B and 
8D will add or subtract totals only as 
they are transferred from one counter 
to the other. On a minor program, the 
total prints directly from counter 8A, 
but it also transfers to the intermediate 
counter 8B, where it adds or subtracts 
according to whether it is a plus or a 
minus. A negative total is always con- 
verted as it reads-out, so a true figure 
will always be transferred. On an in- 
termediate program, the intermediate 
total prints from counter SB, and also 
transfers to the major counter 8D, 
where it will add or subtract according 
to whether it is a plus or a minus. On 
a major program, the major total prints 
from counter 8D. Transfer between 
counters is made over wires connecting 
counter exits when the counters are 
impulsed to read out and reset. 

5. When minor totals are transferred from 
counter 8A, they are either added or 
subtracted in 8B by wiring the transfer 
control plus of 8A to 8B plus and the 
transfer control minus of 8 A to SB mi- 
nus. When intermediate totals are 
transferred from counter 8B, they are 
either added or subtracted into 8D by 
wiring the transfer control plus of SB 
to 8D plus and the transfer control mi- 
nus of 8 B to 8D minus. 

6 . Since the report is group printed, print- 
ing from 8A counter exit must be sup- 
pressed during detail-print cycle. This 
is done by wiring a card-cycles impulse 
to the counter exit suppression of 8A. 
Counter exit suppression wiring would 
not be necessary if the report were to 
be detail printed. 

7. Negative totals in all three counters 
are converted to true figures. 

8. Each counter used is wired for carry 
back, because each is wired to subtract. 



9. Program controls are wired normally. 

10. One asterisk is printed for intermediate 
totals by wiring the asterisk symbol 2 
to print entry 31. Two asterisks are 
printed for major totals by wiring as- 
terisk symbol 3 to print entries 31 and 
33. The asterisk in 33 is prevented 
from printing on an intermediate total 
by wiring the intermediate total-pro- 
gram exit to the immediate pickup of 
the hammerlock control and by raising 
the long hammerlock lever for typebar 
33. 

Credit symbols are printed for all nega- 
tive totals by wiring the credit symbol exit 
of all three counters to print entry 32, When 
counter exit is suppressed, the correspond- 
ing credit symbol exit is also suppressed, 

TOTAL PRINTING FROM DIFFERENT 
TYPE BARS (Fig. 8-18) 

Minor, intermediate, and major totals can 
be total transferred and also totals printed 
from different typebars. The difference be- 
tween the wiring for this and the previous 
example is that the counter exits of trans- 
ferring counters must be wired to counter 
entries of receiving counters. Wiring from 
exit to exit would cause detail or total print- 
ing in three places from any one counter, 

PROBLEM 13: Draw the following diagram: 
The field in card columns 33 to 35 is to 
be added in counter SA, and the counter 
is impulsed to add on every card cycle. 
Minor, intermediate, and major program 
starts are impulsed. (It is not necessary 
to draw the comparing entry or exit 
wires. ) The minor total prints from nu- 
meric typebars 27-30 from the exit of 
counter 8 A. The intermediate total prints 
in numeric typebars 32 to 35 from SB 
exit. The major total prints in numeric 
typebars 37 to 40 from SC exit. 8 A exit 
is wired to SB entry, and SB exit is wired 
to SC entry to enable the totals to be ac- 
cumulated when they are read-out to 
print. 

CROSSFOOTING 

As many as three fields may be cross- 
footed on the standard machine either from 
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each individual card or from a group of 
cards. The three fields to be crossfooted 
are entered into three counters as the card 
passes the third-reading station. Three 
programs are used in three-field cross- 
footing, the minor level forcrossfooting the 
first two fields, and the intermediate level 
for crossfooting the total of the first two 
fields with the third field. The major level 
is used to print the result. The typebars 
must be prevented from rising during the 
two crossfooting cycles, and this is one of 
the functions of the nonprint hubs. 

NONPRINT: Z, 43-44 

When these hubs are impulsed, the type- 
bars will not rise, and spacing will be sup- 
pressed. If the print cycle is not needed for 
the first card of a group (group indicate 
elimination), the minor, intermediate, or 
major first card is wired directly to non- 
print. To prevent printing and spacing (in- 
cluding skipping) on a total cycle, a total 
program is wired directly to nonprint. If 
printing is to be prevented for a particular 
card, the designating punch for that card 
must be wired to the X or D pickup of a pilot 
selector from the station preceding the print- 
ing station. A card-cycles impulse is then 
wired through the normal hubs of the pilot 
selector to nonprint, to suppress printing 
for NX cards or through the transferred hubs 
of the pilot selector to nonprint to suppress 
printing for Xcards. The X or digit impulse 
itself cannot be wired directly to nonprint. 

CARD COUNT: L, 44 

This hub emits a 1 impulse as each card 
passes the third-reading station. It may be 
wired to a counter entry directly or through 
selectors to count cards, to numeric print 
entry hubs to force printing of zeros, or to 
program start to cause a program start for 
every card. By impulsing major program 
with a card count, all three levels will be 
operative for every card. 

The example in Fig. 8-37 showing three- 
field crossfooting, adding two factors and 
subtracting a third (A+B-C-R), is explained 
by the following wiring: 

1. Fields A, B, and C are wired from third 
reading to numeric print entry and are 



entered into counters 8 A, 8B, and 8D. 

2. All three counter exits are connected to 
provide a path for rolling factors from 
one counter into another. The exit of 
counter 8A is wired to print entry to 
print the result. 

3. A card cycles impulse is wired to add 
in 8A and 8B and to subtract 8D. 

4. Transfer control plus of 8 A is wired to 
the plus of 8B. When the counter 8 A is 
plus and the counter is read-out, factor 
A is added in 8B. 

5. Detail printing from all counters is pre- 
vented bywiring a card-cycles impulse 
to counter exit suppression of each 
counter. 

6. If the balance in 8D is negative, it will 
be converted to a true figure. 

7. Since counter 8D is the only one sub- 
tracting, its CI to C is connected. 

8. 8 A is read out and cleared on a minor 
program 8 B on an intermediate pro- 
gram and 8C on a major program. 

9. Both printing and spacing for the minor 
and intermediate program levels are 
suppressed bywiring the corresponding 
program exit hubs to nonprint. 

10. The CR symbol is printed for a negative 
total in numeric print entry 32. 

11. All three programs are taken for each 
card by wiring a card count to major- 
program start. Since the card count 
hub emits a 1 impulse only at third read- 
ing, the first card through the machine 
will not print unless it is preceded by a 
blank card. The blank card serves to 
break control when it passes the third 
station, thus clearing out any totals 
which may be standing in any of the 
counters from a previous operation and 
providing a print cycle for the first 
punched card. Crossfooting of three 
totals at the end of a group may be done 
by wiring a comparing-exit impulse to 
major-program start. 



PROBLEM 14: Draw the wiring necessary 
to perform the crossfooting of A + B + C 
= R. 

Field A is in columns 15 to 19; add in 
counter 8A 
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Field B is in columns 21 to 25; add in 

counter 8B 

Field C is in columns 31 to 35; add in 

counter 8D 

Print field A in numeric print entry 1-5 

Print field B in numeric print entry 11-15 

Print field C in numeric print entry 18-22 

Print field R in numeric print entry 3 1-38 

Print R from counter 8 A 

Take a major break on every card. 

Print all tiie factors at major time only. 

Print asterisks in printentries 39 and 41 

on major cycles. 

FIELD SELECTION 

Field selection was encountered on the 
548 Interpreter and the 514 Reproducer. 
The same principle applies on the 402 Ac- 
counting Machine. You wire impulses from 
two fields, but only print and/or add the se- 
lected one. 

When a choice must be made between dif- 
ferent fields on different cards, and the 
chosen field is to be printed from one set of 
typebars or entered into one counter, field 
selection is necessary. This is accom- 
plished the same way as on the previous ma- 
chines, by the use of selectors (coselectors). 
The selectors are controlled by an identify- 
ing punch in one of the cards. The field in 
the X or the digit card is then wired to the 
transferred row of the selector, the field in 
the NX or no-digit card to the normal row, 
and the common to the print entry or to a 
counter. We use the second-reading brushes 
instead of X-brushes to read the control 
punch. Figure 8-38 illustrates the wiring 
for numerical field selection by the following: 

1. Regular rate is wired from 35-37 of the 
NX card to the normal side of coselec- 
tor 8 and overtime rate from columns 
38 to 41 of the X card to the transferred 
side of the coselector 8. The common 
side of the selector is wired to alpha- 
meric print entry 34-37. 

2. The coselector is picked up by the con- 
trolling X punch which is wired from 
second reading to the X pickup of pilot 
selector 1^ The coupling exit of the 
pilot selector is wired to the pickup of 
coselector 8. The coselector will trans- 
fer exactly like the pilot selector. When 
the NX card passes third reading, both 



selectors will be normal and the regu- 
lar rate will print from card columns 
35 to 37. When the X card passes third 
reading, both selectors will be trans- 
ferred and the overtime rate will print 
from card columns 38 to 41. 

ALPHABETIC FIELD SELECTION 

Alphabetic as well as numeric informa- 
tion can be field selected, in which case one 
pilot selector and two coselectors are re- 
quired. One coselector is needed to select 
zone impulses and another to select digit 
impulses. The selector used to select zone 
impulses must be picked up from second 
reading and in time to select the 0, 11, and 
12 (zone) punches. Any identifying digit 
from 9 to 1 may be punched in the card and 
wired directly from second reading to the 
coselector immediate pickup. The cose- 
lector used to select the digit impulses must 
be controlled from the coupling exit of a 
pilot selector. Wiring for alphabetic field 
selection shown in Fig. 8-39 is given mean- 
ing by the following wiring: 

1. Zone impulses are selected by wiring 
columns 70 to 74 of the digit card from 
second reading to the transferred side 
of coselector 8, and columns 65 to 69 
of the no-digit card to the normal side 
of the same coselector. The common 
is wired to normal zone entry. The co- 
selector is picked up from a control 
digit in column 40 wired from second 
reading. 

2. Digit impulses are selected by wiring 
columns 70 to 74 of the digit card from 
third reading to the transferred side of 
coselector 6, and columns 65 to 69 of 
the no-digit card to the normal side of 
the same coselector. The common is 
wired to normal alphameric print entry. 
The coselector is picked up from the 
coupling exit of pilot selector 4. The 
same digit used to select zone impulses 
may be used to select the digit im- 
pulses. Column 40 is wired from sec- 
ond reading to the D pickup of pilot se- 
lector 4. When alphabetic and numeric 
fields are to be field selected, the zone 
impulses do not have to be selected be- 
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Fig. 8-38. Wiring for numeric field selection 

(Courtesy of International Business Machines. ) 



cause they can be controlled by zone 
suppression. 

Z SUP (ZONE SUPPRESS): B, 41-42 

These common hubs receive X, 12, all- 
cycles, or card-cycles impulses to suppress 
zoning for all 43 alphameric typebars. An 
X or 12 may be wired directly to Z-SUP to 
suppress zoning for all X or 12 punched 
cards. To suppress NX or No- 12 punched 
cards you must use a card cycles wired 
through the normal hubs of a pilot selector 
to Z-SUP. A comparing exit may also be 
used to suppress zoning for NX cards by 
wiring DI through the X-R (11-12) side of a 
column split to one side of the comparing 



entry and the column containing the X to the 
other side of the comparing entry. The 
comparing exit is then wired to Z-SUP. A 
digit may be used to control-zone suppres- 
sion if it is first wired to the D pickup of a 
pilot selector. A card cycles may then be 
wired through the selector to Z-SUP. 

An example of this wiring can be seen in 
Fig. 8-40 where: 

1. The alphabetic field in columns 30 to 34 
is wired from the third-reading station 
to the normal side of coselector 8, since 
this field is to print for NX cards. 

2. The numeric field in columns 35 to 39 is 
wired from the third-reading station to 
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Fig. 8-39. Wiring for alphabetic field selection 

(Courtesy of International Business Machines. ) 



the transferred side of coselector 8, 
since this field is to print for X cards. 

3. The common of this coselector is wired 
to normal alphameric print entry 31-35. 

4. Typebars 31 to 35 are zoned by wiring 
directly from second reading columns 
30 to 34. 

5. Cards from which the numeric field is 
to print are X punched in column 40, 
which is wired from second reading to 
the X pickup of pilot selector 2. The 
coupling exit of pilot selector 2 is 
wired to the pickup of coselector 8. 

6. When printing from the numeric field, 
zoning is suppressed by wiring the X in 



column 40 directly to Z-SUP, making it 
impossible for zone punches in columns 
30 to 34 to interfere with digits in col- 
umns 35 to 39. 

CLASS SELECTION 

Class selection is necessary whenever a 
choice must be made between several print- 
ing locations wired from the same field in 
different cards. The different classes of 
cards must be identified by Xs or digits, 
which are used to control selection. 

When a field is to be selected to one of 
two printing locations, the field punched in 
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Fig. 8-40. Wiring for field selection of alphabetic and numeric fields 
(Courtesy of International Business Machines. ) 



the cards is wired to the common of a cose- 
lector, the normal to one set of print entry 
hubs, and the transferred to another set of 
print entry hubs. Although the information 
is punched in the same columns of two types 
of cards, the printing location will vary with 
the type of card being read. 

PROBLEM 15: Prepare a diagram for nu- 
meric class selection. There are two 
types of daily time cards. The X76 cards 
contain the number of overtime hours in 
columns 69 to 71. The NX76 cards con- 
tain the number of regular hours in col- 
umns 69 to 71. Print the overtime hours 
in normal alphameric print entry 38-40 



and the regular hours in normal alpha- 
meric print entry 34-36. Use pilot se- 
lector 1 and coselector 8. 

PROBLEM 16: Prepare a diagram for al- 
phabetic class selection. The alphabetic 
field is in columns 30 to 34. Print in 
normal alphameric print entry 37-41 for 
cards with a digit in column 80. Print 
in normal alphameric print entry 28-32 
for cards without a digit in column 80. 
Use pilot selector 1 and coselectors 6 
and 8. 

SPACING 

All printing is normally single spaced, 
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six lines to the inch. In detail printing, two 
spaces are taken before the first card of a 
group is printed. In group printing, the 
minor total will print on the same line as 
the group indication, and the intermediate 
and major totals will each single space. One 
space is taken before the first card of a mi- 
nor group and two spaces before the first 
card of an intermediate or major group. 
Variations from this spacing may be ob- 
tained by the use of the space-control hubs. 

SPACE CONTROL: AA, 41-44 

Space-control hub 1 will receive an im- 
pulse to single space (6 lines to the inch); 
hub 2 will receive an impulse to double space 
(3 lines to the inch); hub 3 will receive an 
impulse to triple space (2 lines to the inch). 
The hub labeled S will receive an impulse to 
suppress all spacing. In Fig. 8-41 spacing 
is suppressed for all X40 cards. 

These controls take precedence over all 
automatic spacing. If all printing is to be 



II 1} 




Fig. 8-41. Wiring for space suppress 
(Courtesy of International 
Business Machines. ) 



double or triple spaced, an all-cycles im- 
pulse is wired to space control 2 or 3. If 
spacing is to be varied for a particular card, 
an all-cycles or card-cycles impulse is 
wired through the transfer of a pilot se- 
lector picked up from the second-reading 
station. (The X or digit cannot be wired 
directly to space control (Fig. 8-42). 

Normally a minor total prints directly 
beneath the last printed item, but it may be 
made to print three lines below the last 
item by wiring a minor -total program to 
space -control. 

TOTAL PROGRAM COUPLE: CC-GG, 42 

Each of these hubs emits an impulse at a 
specific program level. Hub 1 emits an im- 
pulse at the minor level, hub 2 at the inter- 
mediate level, hub 3 at the major level, hub 
4 at the fourth level when special program 
is wired, and the All hub at all levels. 

Two or more program totals may be made 
to print on the same line by joining their 
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Fig. 8-42. Wiring for selected space con- 
trol (Courtesy of International 
Business Machines. ) 
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couple hubs. For example, if couples 1, 
2, and 3 were joined, all three program 
totals will print on the same line and on the 
same cycle. When this method of total print- 
ing is used, it is not possible to transfer 
totals from one counter to another, because 
only one cycle is taken to print all totals. 
Therefore, the wiring must be from third 
reading to the counter entry of each of the 
counters in use, instead of from third read- 
ing to the counter entry of the minor counter 
and from the exits of the minor counter to 
the exit of the intermediate counter, and so 
on. This wiring is shown in Fig. 8-43. No- 
tice that wire 3 joins couple hubs 1 and 2. 
As a result, the minor and intermediate 



totals are printed on the same line. 

Normally the first card of a group prints 
two spaces from the previous total when the 
machine is wired to list. This spacing may 
be altered by wiring first-card control (mi- 
nor, intermediate, or major) to space con- 
trol. 



EXPANDING PROGRAM EXITS 

There are seven exits for each program 
level. The number of exits may be increased 
by controlling a coselector from a couple 
exit and by wiring all-cycles impulses 
through its transferred hub, as seen in 
Fig. 8-44. 
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Fig. 8-43. Wiring for minor and intermediate totals on the same line 
(Courtesy of International Business Machines. ) 
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Fig. 8-44, Wiring for expanding program 
exit (Courtesy of International 
Business Machines. ) 



MACHINE STOP: S, 41-43 

These three common stop hubs may be 
impulsed to stop the machine immediately 
and turn on the stop light. They have the 
following uses: 

1. Stop the machine before total printing 
by wiring from a total-program exit. 

2. Stop the machine before the first card 
of a group by wiring from a first-card 
minor, intermediate, or major. 

3. Stop the machine when a counter turns 
negative by connecting NB-AC and wir- 
ing negative-balance-test exit to ma- 
chine stop. 

To restart the machine, the stop light 
must first be turned off by depressing the 
final-total key. Then the start key is pressed 
to continue. 

NB-AC (NEGATIVE BALANCE ALL CY- 
CLES): BB, 49-50 

When the NB-AC hubs are connected, the 
negative-balance-test exit hub emits an im- 
pulse on every cycle during which a counter 
is negative, Including zero balances. 

Normally the negative-balance-test hubs 
emit an impulse when a counter is negative 
on a total program only. When NB-AC is 
connected, they emit impulses on any cycle 
during which a counter is negative. 

Some of the uses for these hubs are:. 



Change from group print to detail print 
whenever a counter changes from posi- 
tive to negative. 

2. Change from detail to group print. 

3. Stop the machine when a counter turns 
negative. 

4. Cause a program to be initiated when- 
ever a counter turns negative. 

Figure 8-45 shows the wiring necessary 
to cause the machine to switch from group 
to detail printing when counter 8A turns 
negative. 




Fig. 8-45. 



Wiring for detail printing 
(NB - AC) (Courtesy of Inter- 
national Business Machines. ) 



SUMMARY PUNCHING 

Summary punching is the automatic prep- 
aration of one total card to replace a group 
of detail cards. A total or summary card 
contains the identification of a group and one 
or more totals accumulated for that group. 
The primary purpose of summary cards is 
to reduce the card volume and thus accel- 
erate the preparation of periodic reports. 
When totals or balances are carried forward 
from one period to another, as in stock- 
status summary or accounts receivable, the 
summary cards are called balance forward 
cards. 

Summary cards are generally punched 
during the preparation of detail reports by a 
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summary punch machine connected to the 
accounting machine by a cable. 

The 514, 519, 523, 526, or 528 Sum- 
mary Punch Machines may be used with the 
402 Accounting Machine. The summary 
punch machine has a cable which must be 
connected to the receptacle provided for it 
on the accounting machine. When the con- 
trol panels on both machines are properly 
wired, the exits of all the counters are made 
available on the summary punch control 
panel. Only information introduced into the 
counters of the accounting machine may be 
summary punched. 

The card-feed stop light will go on when- 
ever summary punching is started by the 
accounting machine. It will remain on and 
prevent further operation of the accounting 
machine if for any reason the summary punch 
operation is not satisfactorily completed. 
Summary punching may be selected by means 
of a setup change switch. 



SUMMARY PUNCH SWITCH: AA, 49-50 

These two hubs are located on the ac- 
counting machine control panel and must be 
connected for summary punching. The two 
hubs may be connected through the trans- 
ferred side of a pilot or a coselector picked 
up by a setup change switch. The purpose 
of this switch is to synchronize the opera- 
tion of both machines. If either machine 
runs out of cards, the operation stops. If 
the summary punch runs out of cards, the 
card-feed stop light remains on in the 402. 
If the 402 runs out of cards, the red (unla- 
beled) lights on the 402 turn on. 



SUMMARY PUNCH CONTROL: R-W, 49-50 

Summary punching may be initiated on 
any program change by impulsing the pick- 
up (PU) hub (X, 49), directly or through se- 
lectors. If a total-program exit is wired to 
the pickup and the summary-punch switch 
hubs are connected, summary punching will 
take place just before the total prints. More 
than one type of total may be summary 
punched in the same run. 



When summary punching is initiated, the 
advancement of the program will be delayed 
until summary punching is completed, at 
which time programming will continue and 
totals will print. 

There are 12 summary punch entries 
from the accounting machine to the summary 
punch. The entries on the accounting ma- 
chine are identified by 12 summary punch 
control entry hubs and on the summary punch 
by the column splits. The entry hub on the 
accounting machine is internally connected 
with a corresponding 11-12 column split hub 
on the summary punch as shown in Fig. 
8-46. Entry 1 is connected to the 11-12 hub 
of column split 1; entry 2 is connected to 
the 11-12 hub of column split 2, and so on. 
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Fig. 8-46. Wiring for summary punch 
control (Courtesy of Inter- 
national Business Machines. ) 



There are eight (standard) column splits 
on the 514 Summary Punch Machine. 

The SP entry hubs receive SP X control- 
plus or minus impulses for the purpose of 
punching an identifying X for positive or 
negative balances. The SP entry hubs may 
be used in any desired sequence. 

The example in Fig. 8-47 is similar to 
that shown in Fig. 8-25, but only the sum- 
mary punch wiring is explained. 

1. The summary punch switch is turned on. 

2. Summary punch control is picked up 
from the minor program level. A sum- 
mary card will be punched for each 
salesman, since the minor program 
start is impulsed every time a group of 
cards changes from one salesman to 
another. 
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3. The summary punch Xcontrol minus of 
8A is wired to summary punch entry 1 
for the purpose of identifying credit 
balances summary punched from that 
counter with an X. The X impulse can 
be obtained on the summary punch from 
the 11-12 hub of column split 1. If debit 
instead of credit balances are to be iden- 
tified with an X punch, the summary 
punch control plus would be wired to SP 
entry 1. Any of the 12 entries may be 
used, provided there is a corresponding 
column split available on the summary 
punch panel. 

4. Counter 8A exits on the summary punch 
are wired to punch columns 76 to 80. 
All but the units position of 8 A are wired 
directly to punch. 

5. The units position of 8A is wired to col- 
umn 80 through the 0-9 hub of column 
split 1. The credit balance summary 
card will be identified by an X punch in 
column 80. 

6. Salesman number is wired to 4C. 

7 . The salesman number will be used to 
identify the summary card, and hence 
must add in the counter only once for 
each salesman. Minor first card is 
wired to 4C plus, causing the card to 
add on only the first card of each group, 

8. Counter 4C is cleared on every minor 
program. Printing on the group indi- 
cation is suppressed on the total cycle. 

9. Counter 4C exits on the summary punch 
are wired to punch columns 54 to 56. 

PROGRESSIVE TOTAL PRINTING 

Totals printed from counters without re- 
setting the counters are called progressive 
totals. 

Counter resetting can be prevented by 
impulsing the plus and minus hub of the 
counter at the same time that the total hub 
is impulsed. This wiring keeps the counter 
wheels from stopping at zero and allows 
them to continue all the way around to where 
they originally stood. For example, If a 
counter contains the digit 6 and is impulsed 
to clear normally, the counter wheel turns 
from 6 to 7 to 8 and on to zero, where it 
stops. However, if the plus and minus hubs 
are impulsed, the stop at zero is suspended. 



and the wheel keeps turning until it reaches 
6 again. 

Although this feature is designed pri- 
marily for printing totals without clearing 
the counter, it may also be used for printing 
any common numeric information, such as 
a date. The information is stored in a 
counter from a master card and read out 
progressively whenever desired. 

An example of this wiring can be seen in 
Fig. 8-48 where: 

1. The field to be added is wired to counter 
entry 8B. 

2. The totals are printed from 8 B exit into 
print entry 36-40, 

3. Counter 8B is Impulsed to add from the 
card, 

4. Since the operation is group printing, 
8B counter exit must be suppressed on 
the indicated cycle, 

5 . A minor and intermediate program start 
is wired, 

6. Counter 8B is wired to read-out on every 
minor program change by wiring the 
minor program exit to the 8B total hub. 
The counter is prevented from clearing 
out by wiring the minor program exit 
to both the plus and minus hubs of 8B. 

7. Counter 8B is reset on the intermedi- 
ate total program. 

RUN-OUT BUTTONS AND SWITCHES 

Nonprint Run-out Button - The nonprint 
run-out button, located on the far end of the 
left side of the machine (Fig. 8-49), may be 
depressed if for any reason (except card- 
feed failure) it is desired to run cards out 
of the machine without printing on the re- 
port. Cards will run out only when the hop- 
per is empty. 

Feed Interlock Start Button - The purpose 
of jeed interlock is to stop the machine and 
prevent accidental total printing in the event 
of a card-feed failure. If a card fails to feed 
from the hopper to position A (Fig. 8-50), 
the machine stops, and the card-feed stop 
light turns on. At this point there are cards 
in the hopper, no card at position A, and a 
card at position B. The machine cannot be 
restarted except by removing cards from 
the hopper and depressing the feed-interlock 
start button. Card B then runs out into the 
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Fig. 8-48. Wiring for progressive total printing 

(Courtesy of International Business Machines. ) 
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Fig. 8-49, 



Run-out buttons and switches 
(Courtesy of International 
Business Machines. ) 



stacker and performs all normal functions 
except programming. 

The card in the hopper that failed to feed 
must be corrected. Card B must then be 
placed in front of the corrected card and the 
rest of the file and inserted in the hopper. 
To restart the machine the feed-interlock 






Fig. 8-50. Schematic of feed interlock 
(Courtesy of International 
Business Machines. ) 

start button (Fig. 8-49) must be depressed. 
On the run-in, card B does not add, sub- 
tract, or print, but only compares. The op- 
eration for succeeding cards will be normal. 
If it is not desirable to continue the run, 
after a card feed failure, it will be neces- 
sary to clear the feed interlock before anew 
run may be started. This is done by pass- 
ing a blank card through the machine. 
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Last Card Auto-total Switch - The pri- 
mary purpose of the last card auto-total 
switch (Fig. 8-49) is to provide a means of 
obtaining total program cycles on the run- 
out, thus permitting the automatic clearing 
of counters without program control. When 
the switch is on, comparing exits are in- 
active, and a major program change is forced 
on both the run-in and run-out, regardless 
of control-panel wiring. Detail printing 
will not be suspended for heading cards 
if the machine is set for group printing. 
Carriage skipping, if initiated by one of the 
cards being processed, will not be sus- 
pended. When the switch is off, program- 
control wiring will function in the normal 
manner. Whether the switch is on or off, 
only those counters will be cleared whose 
total hubs are wired to clear. 

Gangpunch Switch - The gangpunch switch 
(Fig. 8-49) is used with the 523 Gang Sum- 
mary Punch, when this machine does not 
operate under its own power. When the 
switch is turned on, the accounting machine 
will not operate, but the gang summary 
punch will, providing the cable between the 
two machines is connected. 

Hopper stop switch - The hopper stop 
switch is not a standard feature, but it may 
be installed without charge. The purpose of 
this switch is as follows: 1. When on, the 
hopper stop contact is effective, and the 
machine will stop as the last card leaves 
the hopper. Cards must be run-out to print 
totals for the last control group. 2. When 
off, the hopper stop contact is ineffective, 
and the machine will stop as the last card is 
read by the third reading station. Totals 
for the last control group will print auto- 
matically. 

Students interested in studying the IBM 
tape-controlled carriage or the IBM 403 
Accounting Machine with the multiple-line 
printing feature can find these topics ex- 
plained in the IBM manual A24-5654 IBM 
402, 403, and 419 Accounting Machines, 
pages 93-112 and 113-134. 

402-403 Accounting Machine Questions 

Fill in blank spaces 



Cards are fed. 



.edge, face. 



2. To suppress printing by wiring, you 
must raise the corresponding 

3. Card feeding stops and the form light 
goes on when the end of the form is 
in. from the platen. 

4. The 402 normal prints line(s) from 

a card. 

5. To suppress all printing from a type- 
bar, an operator uses . 

6. The standard 402 is capable of printing 
information from each card. This is 

known as 

and is the opposite of 

printing. 

7. are used to sup- 
press printing of unwanted zeros. 

8. On the 402 the T, N, and C hubs (se- 
lectors) are controlled by 

and punc he s . 

9. In order to emit information on the 402, 
an operator must turn on the digit se- 
lector by wiring to 

10. The impulse manufactured by a com- 
paring break is usually wired to 



11. One counter can be controlled to add 
and subtract information on a card by 

wiring a 

impulse through a 



12. The purpose of jackplugging the CI to C 
hubs is to 

13. In order to print alphabetic information 
from one typebar, an operator must 
wire 

a. from to 



of the typebar. 
b. and from 



.to. 



of the same typebar. 

14. There are alphameric typebars and 

.numeric typebars on the standard 



402. 



15. There are entry hubs for each com- 
paring magnet on the 402. 

16. The hub labeled D PU may receive 

impulses. 
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17 . When the hub labeled XPU is impulsed 

the selector transfers on the 

cycle. 



30. 



18. The. 



.switches allow an oper- 31. 



ator to wire one control panel for dif- 
ferent types of reports. 



19. The. 



.button is used in the event 



20. 



21. 



of a card-feed failure. 

Is the automatic 

preparation of one total card to replace 
a group of detail cards. 

- 23. List three conditions that mu$t 
be satisfied before a final total 
is taken 



21. 
22. 
23. 

Answer True or False 



24. 
25. 

26. 

27, 



28. 



29. 



_The XPU hub cannot pick up 
impulses from third read. 

-The I hub of the pilot selector 
will emit an impulse when the 
selector is picked up. 

.When coupling counters for 
addition, you wire the C of the 
low-order counter to CI of the 
high-order counter. 

.Multiple-line print is accom- 
plished on the 402 because cards 
are held at each reading station 
and read completely rather than 
digit by digit. 

.Forms may be controlled by a 
combination of control-panel 
wiring and punched tape. 

.The numeric designation of a 
counter indicates the position of 
the counter in relation to print- 
ing. 



32. 



33.. 



-The maximum number of coun- 
ter positions on the machine is 
64. 

-The maximum number of coun- 
ter positions that can be coupled 
is 12. 

.Asterisk symbols may be wired 
to print from all typebars at 
total time. 

-A counter may be wired to re- 
ceive totals from another coun- 
ter rather than items from a 
card. 



Multiple choice 

34. Card columns 55 to 59 (Fig. P8-1) will 
print for all cards with 

a. X or 12 punch in card column 80. 

b. 9-12 punch in card column 80. 

c. other than X or 12 punch in card 
column 80. 

d. other than 9-12 punch in card col- 
umn 80 (card column 80 blank). 

35. Pilot selector 4 (Fig. P8-2) will be 
transferred whenever 

a. a card with 765 in card columns 71 
to 73 passes second reading. 

b. a card with 765 in card columns 71 
to 73 passes third reading. 

c. a card with other than 765 in card 
columns 71 to 73 passes second 
reading. 

d. a card with other than 765 in card 
columns 71 to 73 passes third 
reading. 

36. Pilot selector 8 (Fig. P8-2) will be 
transferred for cards with 

a. a 9-12 punch in card column 78. 

b. an X punch in card column 78. 

c. an 11-12 punch in card column 78. 

d. an 0-9 punch in card column 78. 
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Section 
THE 557 ALPHABETIC INTERPRETER 



The student should be familiar with the 
IBM 548 Interpreter before beginning this 
section. 

An Interpreter is often considered to be 



the machine used only to eliminate the ne- 
cessity for visual decoding. The IBM 557 
(Fig. 9-1) Alphabetic Interpreter, however, 
has features which significantly increase 



Print- line dial 

Card counter 
(optional) 



Stacker 



Proof indicator 



%0f 






S^r 



■'.Kv 



^*# 



— Hopper 
Machine controls 




~ Control panel 



Fig. 9-1. IBM 557 Interpreter (Courtesy of International Business Machines.) 
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application potential. A variety of special 
features are available to tailor the machine 
to meet the demands of modern data-proc- 
essing techniques. When equipped with 
several of the special features discussed in 
detail in this section, the 557 becomes an 
automatic line-finding, high-speed ledger- 
posting machine, while retaining all of the 
usual interpreter capabilities. 

The 557 cannot only accomplish the same 
functions as the 548 Interpreter, but is also 
equipped with the additional following fea- 
tures: 

1. Zero print-control (electrical con- 
trol of the printing of zeros provided 
on the control panel) 

2. Print suppression (ability to sup- 
press printing under the control of 
any X or NX condition) 

3. Printing lines (twenty-five printing 
lines on the card selected by a man- 
ually operated printing position dial) 

Control-panel hubs that perform the 
same functions can be found on the 557 and 
548 Interpreters at the following locations: 



548 
Reading brushes 
Print entry 



Selectors 



(standard) 
(optional) 



X-eliminators (standard) 
(optional) 

Read X-brushes 

557 



Interpret reading 

Print entry (standard) 
(optional) 



Location 
A-D, 1-20 
M-S, 1-20 

J-L, 1-10 
J-L, 11-20 

E-H. 1-10 



E-H, 11-20 



N-S, 21-22 

Location 

D-L, 1-20 

M-P, 1-20 
Q-S, 1-20 



Selectors (standard) Y-AA, 1-20 
(optional) AB-AD, 1-20 



Column split (standard) C-E, 21-22 
(optional) F-H, 21-22 

Control read (optional) C, 1-20 



NOTE: No switch is necessary to make the 
column split operative. 

In addition, the following special de- 
vices are available to increase the scope 
of applications that can be performed by 
the 557. 

1. Card-to-card comparing. When 
printing from a master card to de- 
tail cards, comparison maybe made 
of the control information in each to 
ensure that printing occurs only on 
matching cards. Comparing posi- 
tions are furnished in groups of five, 
up to a total of four groups (20 po- 
sitions). Three types of comparing 
can be supplied - numeric, alpha- 
betic, and special character. 

2. Selective stackers. A maximum of 
four stackers can be provided. Con- 
trol-panel wiring allows separation 
of the cards into four groups. 

3. Selective line printing. The 557 will 
locate and post the next available 
ledger-card posting line. 

4. Repeat print. Printing information 
can be read from X or NX master 
cards and printed on the following 
detail cards. 

5. Presensing. This station is required 
to permit the selectors to be used 
for alphabetic selection and to con- 
trol the repeat-print device. 

6. Print entry. There are two control- 
panel entries to each typewheel. 
Either entry may be selected by a 
manually operated switch. 

7. Interpret emitter. A hub for each 
character emits the impulses neces- 
sary to cause the printing of that 
character. 

8. Special characters. Printing of 
eight additional special characters 
may be provided in each typewheel. 

9. Asterisks (*). As many as six as- 
terisks adjacent to the left of the 
highest significant digit of a field in 
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specified preset positions can be 
printed. This feature is used for 
check protection. 

10. Card counter. All cards except 
those for which the proof device has 
indicated an error are counted. 

11. Selectors. Four additional selectors 
are available. 

12. Proof. This is the ability to check 
the printing of characters punched 
in the card or set up by the emitter. 
Proof also can check print suppres- 
sion, repeat print operations, and 
typewheel alignments. 

The first six special features only will 
be explained in this section, since they are 
the ones most commonly encountered. 

OPERATION 

Cards are placed in a hopper, whose ca- 
pacity is approximately 800 cards, 12 edge 
first, face down. The cards will stack in 
their original sequence in stackers which 
hold approximately 900 cards before they 
automatically stop card feeding. As on all 
other punched-card machines the 557 has a 
main-line switch and Start and Stop keys 
(Fig. 9-2). The running indicator is on 



punching position of the card. Figure 9-3 
illustrates the 25 lines of printing. The 
stop light comes on when the proof device 
detects an error, and it is turned off by re- 
setting the proof-indicator unit. The unit 
is reset by depressing the proof-indicator 
unit-reset cover on the front (Fig. 9-4). 

PRINT ENTRIES 1 AND 2: M-P, 1-20, 
Q-S, 1-20 

Print entries 1 and 2 provide for two 
different setups on one control panel. On 
the 548 not only did you need a separate 
control panel for each setup, but in order 
to interpret two lines you needed two panels. 
Selection of either one of the two setups is 
controlled by a manually operated switch 
(the print -entry switch) on the front of the 
machine . 

Both sets of print-entry hubs cannot be 
made active at the same time. When print- 
entry 1 or 2 is active, the respective print- 
entry light on the front of the machine is on 
(Fig. 9-2). 

PROBLEM 1: Print the information from 
columns 25 to 30 into print-entry 1, po- 
sitions 30 to 35. 




Fig. 9-2. Lights, keys, dial (Courtesy 
of International Business 
Machines. ) 

when the machine is on but not in use; it is 
off when the machine is in use. The ma- 
chine prints at the rate of 100 cards per 
minute. 

The printing-position dial may be set by 
the operator to any one of 25 possible po- 
sitions. In Fig. 9-2, the dial is set for 
printing on line 6 which occurs on the zero 



ZERO PRINT CONTROL 

Additional panel wiring is necessary to 
print characters represented by 0, 11, or 
12 punches. The impulse to accomplish 
this is called a zero print impulse and is 
controlled by wiring zero print control. 

In addition to the print-entry hub for 
each typewheel, there is a pair of zero print- 
control hubs (AE-AK, 1-20). The hubs in 
the lower row are numbered from 1 to 60. 
These hubs control the printing of 0, 11, 
and 12 punches in the corresponding type- 
wheel by jack plugging the corresponding 
hubs of a field and wiring the higher hub of 
the low-order position to the lower hub of 
the high-order position (Fig. 9-5, wire 6). 

To eliminate the printing of zeros to the 
left of the highest significant digit, the zero 
print-control wire from the low-order posi- 
tion to the high-order position must be re- 
moved (Fig. 9-5, wire 7). 

When a control panel is wired to print 
zeros to the left of print position 60, the 
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Fig. 9-3. SLP-25 and SLP-50 posted cards (Courtesy of International Business Machines. ) 
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Fig. 9-4. Proof Indicator Unit (Courtesy 
of International Business 
Machines . ) 
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control-panel wire to the high-order posi- 
tion of the field is wired from the upper hub 
of zero print control 1. This hub is con- 
nected internally to print position 60. 

When zeros are controlled to print to the 
right or left of a significant digit, ten con- 
secutive zeros can be carried or controlled 
to print. 

To print a field containing all zeros, such 
as a zero balance amount, the high-order 
position of the field must have an additional 
wire from interpret reading direct to the 
lower hub of the corresponding zero print- 
control position (Fig. 9-5, wire 8). 

When a total of more than ten positions 
is to be controlled for zero printing, at least 
every tenth zero print-control position must 
be wired from interpret reading. 

An example of zero print control plus 
regular interpreting and the use of column 
splits can be seen in Fig. 9-5. This ex- 
ample shows normal alphabetic printing, 
column splits, and control of zero printing: 

1. Employee number is read from col- 
umns 1 to 5 and printed in type- 
wheels 1 to 5. 

2. Employee name is read from col- 
umns 16 to 40 and printed in type- 
wheels 9 to 33. 

3. Hours are read from columns 45 to 
47 and printed in typewheels 45 to 
47. 

4. Amount is read from columns 75 to 
80 and printed in typewheels 55 to 
60. 

5. The units position of the amount is 
wired through a column split to elim- 
inate a control X punch in that col- 
umn. 

6. All zeros in employee number are 
controlled to print. 

7. Zero print control is wired for the 
hours field to print all zeros except 
those to the left of the high-order 
significant digit. 

8. Zero print control is wired for the 
amount field to print all zeros, in- 
cluding zero-balance amounts. If 
zero balances are to be identified, 
but zeros to the left of significant 
amounts are to be eliminated, inter- 
pret reading 79 can be wired to the 
lower hub of zero print-control po- 
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sition 59. With this wiring, 00 iden- 
tifies zero balances. 
The X-£witch must be wired at all 
times except when suppressing print- 
ing on NX cards. 



SUPPRESS PRINT 

Selective printing of an entire card may 
be performed under the control of an X or 
NX condition. Although a 12 punch can be 
used as a control impulse in some circum- 
stances, the basic control function is per- 
formed by an X punch, since the proof de- 
vice treats all 12 punches in repeat and sup- 
press print-control columns as errors. In 
this manner all of one type of card may be 
interpreted without separating the file or 
printing on the other cards in the file. Se- 
lective printing can be used in any applica- 
tion that has a merged master and detail 
file and that has to remain merged for proc- 
essing by another machine. 

The column containing the X control 
punch is wired from the interpret reading 
directly to the interpret X hub (N, 21-22). 
If suppression of the printing of X cards is 
desired, the X-switch (Q-R, 21) must be 
wired on. If, however, suppression of 
printing of the NX cards is wanted, the NX 
switch (Q-R, 22) must be wired instead. 
The wiring example in Fig. 9-6 demon- 
strates the suppress-printing feature by 
printing only the NX80 cards. A field of the 
card is wired to print zeros to the left and 
right, and an X from column 80 is wired to 
the interpret X hub of the suppress-print 
device. The X-switch is wired to prevent 
printing of all cards containing the X punch 
in column 80. 

A typical application would be after the 
creation of class cards fromX mastercards 
on a reproducer or computer, processing 
the merged file by the 557, where the infor- 
mation in the class cards would be inter- 
preted. The file might next be listed on an 
accounting machine for a visual edit. Then 
at registration time the student leaves his 
name card plus a class card for each se- 
lected class. These cards are processed 
by the reproducer and the student's name 
and I. D. number are gangpunched into his 
class cards. This file then goes into the 
557 to interpret the student's name and num- 
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Fig. 9-6. Suppress print (Courtesy 
of International Business 
Machines. ) 

ber on the class cards. The next step in 
the system might be to print class lists for 
each student, since the file is already merged 
in the proper sequence. 

PRESENSING (CONTROL-X READ) 
(Fig. 9-7.) 

The Control-X read performs the same 
function as the X-brushes of the 548. The 
control-X read controls selectors for al- 
phabetic selection and is necessary to con- 
trol the repeat-print feature. 

The presensing station is composed of 
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Fig, 9-7. Presenting (control-X read) (Courtesy of International Business Machines. ) 



80 contact pins. The terminals of these 
pins are arranged in two banks, odd num- 
bers on the lower, even numbers on the up- 
per. The lower bank is numbered, 1, 3, 5, 
7, etc., from right to left. These terminals 
correspond to the 80 card columns. 

The 20 Control-X read hubs are con- 
nected to the 20 presensing wires. The 
wires run consecutively from 1 to 20, right 
to left, and correspond to the 20 control-X 
hubs on the control panel at C, 1-20. They 
may be clipped by the machine operator to 
any of the 80 terminals. 



REPEAT PRINT: J- 



M, 21-22 



Information punched in a master card 
may be read and printed on the master card 
and succeeding details under the control of 
anX or NX condition recognized by the pre- 
sensing station. However, it is not possible 
to read information from the detail cards 
and print it in addition to the information 
printing from the master cards during the 
same run. 

This feature has applications whenever 
you desire to print information that is not 
punched in the card. Two common appli- 
cations are to print pertinent information 
on cards that do not have the data punched 
in the card (for example, printing, "Make 
checks payable to " on an accounts re- 
ceivable card that is to be mailed to the cus- 
tomer), and to print instructions on how to 
answer questions that are also printed on 



the card. 

The impulse from control X (C, 1-20) is 
wired to the control X hub (J, 21-22) of the 
repeat-print device. If the master card 
contains the X punch, the X-switch (L-M, 
21) must be wired on. If the master card 
is an NX card the X-switch is not wired. 
When the cards run out, the typewheel setup 
is retained until a new master is sensed or 
the X-switch is disconnected. On machines 
equipped with the proof device (proof-X 
hub), K, 21-22, the column containing the 
control X, must be wired from proofreading 
to the proof X hub. The master card and/or 
selected details may be print suppressed 
during repeat printing. 

PROBLEM 2: Print columns 25 to 30 in 
print entry 1, positions 25 to 30. Show 
the wiring for zero printing of zeros to 
the right of a significant digit and the 
wiring to print all zeros. 

PROBLEM 3: Draw a diagram to interpret 
the information punched in columns 11 to 
16 into print positions 25 to 30 of NX de- 
tail cards. Wire zero print control to 
print all zeros in print positions 25 to 30. 

In operations where it is necessary to 
alter the zero print-control wiring from 
the print entry 1 setup to the print entry 2 
setup, you must use the 12-position print- 
entry zero selector. 
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PRINT ENTRY ZERO SELECTOR: Y-AA, 
23-34 

When print entry 1 is active, a connec- 
tion exists between the C (common) row of 
hubs and the 1 (print entry 1) row of hubs. 
When print entry 2 is active, the connection 
between the C and 1 rows is broken, and a 
connection is established between the C and 
2 (print entry 2). These hubs may also be 
used to change the setup of control wiring, 
such as print suppression or repeat print. 

Two setups are wired on the same con- 
trol panel (Fig, 9-8) through the use of the 
print-entry switch and the print-entry zero- 
selector: 

1. Field A is printed in typewheels 2 to 
6 in both print entries. Zero print 
control is wired to eliminate zeros 



4. 



5. 



to the left of the highest significant 
digit in the field. 

Fields B and C are wired to print in 
typewheels 24 to 28 and 30 to 34, 
respectively, through print entry 1. 
Zero print control is wired through 
the C and 1 side of the print entry 
zero-selector to print all the zeros 
in field B. 

Similarly, field C is wired to print 
all the zeros through the C and 1 
sides of the selector. 
Field D is wired to print in type- 
wheels 27 to 31 through print entry 
2. 

Zero print-control wiring used to 
control fields B and C on the print 
entry 1 setup is broken when print 
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Fig. 9-8. Print entry (Courtesy of International Business Machines.) 
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entry 2 is made active. New zero 
print control wiring is established 
through the C and 2 sides of the se- 
lector to control the printing of zeros 
in field D. 

SELECTORS: Y-AA, 1-20, AB-AD, 1-20 

Four five-position selectors are stan- 
dard on the basic machine. Four additional 
selectors can be added as a special feature. 
These selectors may be used for numeric 
selection, alphabetic selection (if presens- 
ing (control X) is installed), or as column 
splits. 

SELECTOR PICKUP: A-B, 1-4; A-B, 
11-14; A-B, 5-8; A-B, 15-18 

Each selector has two separate pickups 
which should never be connected together. 
Each pickup should be activated by a spe- 
cific impulse for a specific function. Both 
pickups will transfer the selector immedi- 
ately and hold it until the completion of that 
cycle. 

X-O SPLIT OR CONTROL X: A-B, 1-4; 
A-B, 5-8 

This pickup can be wired from X-O split 
hubs (A-B, 1-2), to use the selector as a 
column split, or from control X read for 
selection. The interpret X-O split hub (A-B, 
1) when wired to X-O split pickup, causes 
that selector to function as a column split 
for use with the interpret reading brushes. 
The normal side of the selector becomes 
the exit for any 11 or 12 impulses that enter 
the common hub, and the transferred side 
becomes the exit for to 9 impulses. The 
proof X-O split hub (A-B, 2) controls the 
selector in the same manner in time with 
the proofreading brushes. 

Wiring from control-X read to this pick- 
up transfers the selector for the entire cy- 
cle in the same manner that the X-brushes 
transfer the selectors on the 548 Inter- 
preter. 

DIGIT PICKUP: A-B, 1-4; A-B, 5-8 

These hubs are normally impulsed by an 
X impulse from the interpret or proofread- 
ing stations. Since the hubs accept any im- 
pulse from 12 to 9, a column split is re- 



quired to select out the X- control punch. If 
the selector is being used to select zero 
print-control wiring, the X impulse from 
the interpret reading station must be filtered 
through the 12 and 11 side of a column split 
to prevent the zero print impulse from 
transferring the selector. 

CARD-TO- CARD COMPARING AND SE- 
LECTIVE STACKING 

The comparing feature provides a means 
of verifying operations when information 
from a master card is transferred to detail 
cards. With selective stacking, cards can 
be separated or selected into a maximum of 
four stackers. The normal stacker on the 
extreme left is numbered 4. The selective 
stackers are numbered 1 to 3, right to left. 

In a compare operation, data read from 
the master card is stored for comparison 
with successive detail cards. The data in 
the master card can be held for repeat 
printing. Printing can be suppressed on 
unmatched detail cards and continued on the 
following matched detail cards. Machine 
operation can be stopped and printing can be 
suppressed whenever unmatched or dupli- 
cate cards are recognized. 

Comparing positions are furnished in 
groups of five, up to a total of four groups 
(20 positions). Three types of comparing 
can be supplied. 

1. Numeric. In each position compari- 
son takes place only on single nu- 
meric characters, through 9. A 
zero compared with a blank is rec- 
ognized as unequal. 

2. Alphabetic. Comparison can be 
made on single numeric punches, 
the to 1 code, single zone punches, 
or any single alphabetic character 
A to Z. 

3. Special character. Comparison can 
be made on all numerals, letters, 
codes, and special characters that 
can be printed on the 557. A maxi- 
mum of ten positions is available for 
special-character comparing. 

On machines with selective stackers, 
control-panel wiring determines which cards 
fall into the extra pockets. Unmatched 
cards, duplicate master or detail cards, 
cards preceding unmatched and duplicate 
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cards, and cards with punching in a given 
column can be selected. 

Any application that processes a mixed 
file or a file containing alternating master 
and detail cards on the 557 could make use 
of this feature. 

As you will learn shortly, when the com- 
pare stop hub(A-B, 27) receives an impulse 
from the unequal, alternate, or immediate 
suppress hubs (A-B, 28-31), the machine 
will stop and the compare stop light will go 
on. To resume processing, you must turn 
off the compare stop light by depressing the 
stop key, and then depressing the start key 
for three cycles. 

COMPARE OPERATIONS 

The compare unit recognizes alternating 
master and detail cards with matching con- 
trol fields as a normal condition. In the 
normal condition, the compare operation 
alternates storing from the mastercard and 
comparing from the detail card. Under the 
normal condition, neither the unequal nor 
the alternate hub emits an Impulse (Fig. 9-9). 

The alternate hub emits whenever storing 
and comparing do not occur on alternate 
cycles, that is, whenever a master card is 
not followed by a detail card (Fig. 9-10). 
Notice that in Fig. 9- 10) the cards have the 
same control number. 
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Fig. 9-9. Normal comparing (Courtesy 
of International Business 
Machines.) 
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Fig. 9-10. Comparing (alternate 
emitting) (Courtesy of 
International Business 
Machines. ) 



The unequal hub emits only on comparing 
cycles when the compared fields are un- 
equal, that is, whenever a detail card does 
not match the preceding master card (Fig. 
9-11). 

If, during a compare cycle, storing and 
comparing have not occurred alternately 
and the compared fields are unequal, both 
the alternate and unequal hubs emit an im- 
pulse, that is, whenever a second detail 
card follows a master card and does not 
match the master. The first detail card 
may or may not match the master (Fig. 
9-12). 

CARD-TO-CARD COMPARING 

Information from a detail card read by 
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Fig. 9-12. Comparing (unequal and 

alternate emitting) (Courtesy 
of International Business 
Machines. ) 

the interpret brushes is compared with in- 
formation stored from the preceding master 
card. As the master card is read by the 
interpret brushes, the control field enters 
storage where it is held until the next mas- 
ter card is read. Information in each detail 
is compared with the master information in 
storage. Therefore, during comparing, the 
arrangement of a file composed of a single 
master and single detail cards can be 
checked. If the sequence is not alternately 
master and detail cards, the machine can 
be made to operate as follows: 

1. The machine can be stopped. 

2. Printing can be suppressed. 

3. Duplicate cards can be selected. 
The above operations can be performed 

separately or in combinations. 

The compare unit enables the operator 
to check the alternating sequence of the file. 
It is «o/ possible on the 557 to check numer- 
ic sequence as done by the collator. The 



fields being compared, as well as other in- 
formation in the master, can be printed on 
the master and following detail cards under 
an X or NX control. 

Machines having the card-to-card com- 
paring feature must also have control-X 
read (presensing) and repeat-print fea- 
tures. Comparing operates in conjunction 
with the following two features: Master 
cards are distinguished by the presence or 
absence of an X punch in a given column; 
and a control-X read contact is used to read 
the X- punched column. 

The following is the necessary wiring 
for the interpreter to recognize a master 
card for comparing: 

1. A control-X read contact is wired 
to control-X repeat. 

2. The X- switch is wired if master 
cards are X punched; it is unwired 
if detail cards are X punched. 

COMPARE ENTRY: T, 1-20 

The field to be compared is wired from 
interpret read to compare entry. Informa- 
tion read from the master card to compare 
entry is placed in storage and held for com- 
parison with succeeding detail cards. In- 
formation read from the detail cards is 
compared with the stored data. 

Each time a new master card is read by 
the interpret reading brushes, the storage 
unit is cleared and the new control infor- 
mation is placed in storage for comparison 
with successive detail cards. Comparing 
does not take place between two master 
cards or the last detail card in a group and 
the following master card. The fields being 
compared must not be wired to print entry 
directly from interpret read. The plug-to- 
print hubs must be used. 

PLUG-TO-PRINT: U, 1-20 

The compare entry hubs are connected 
internally to the plug-to-print exit hubs. 
Information received by the compare entry 
hubs is available from the corresponding 
plug-to-print hubs. These hubs can be 
wired to print entry 1 or 2 to print the con- 
trol information on the master and/or de- 
tail card. Information to be printed can be 
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selected only at the time a master card is 
being read. 

The following hubs allow predetermined 
operations as a result of comparison. 

COMPARING UNEQUAL (UNEQ): A-B, 30 

The unequal hub emits an Impulse on the 
compare cycle when detail information com- 
pared to master information in storage is 
unequal (Fig. 9-11). An unequal impulse 
can be: 

1. Wired to compare stop to interrupt 
a machine operation. 

2. Wired to compare suppress to pre- 
vent printing on the unequal detail 
card. 

3. Wired to stacker compare to select 
the unequal detail card or to imme- 
diate pick to select the card imme- 
diately preceding the unequal detail 
card. 

4. Controlled by a selector. 

COMPARING ALTERNATE (ALTN): A-B, 
31 

When the 557 is wired from control-X 
read to repeat print and the repeat print-X 
switch is wired on, the comparing alternate 
hub emits if the card sequence is not alter- 
nately master and detail. An impulse is 
available from ALTN when a detail card 
immediately follows a detail, or a master 
immediately follows a master. In the se- 
quence Ml - Dl - Dl - D2 - M3 - M3 - M4- D4, 

ALTN emits for the cards underlined as 
they pass interpret reading (Fig. 9-10), 
ALTN can be wired to: 

1. Compare stop hub to stop machine 
operation 

2. Compare suppress to prevent print- 
ing 

3. Stacker compare to select all mul- 
tiple-detail or master cards except 
the first in a series or to stacker 
immediate pick to select all mul- 
tiple-detail or master cards except 
the last in the series 

4. Digit pickup of a selector to control 
the UNEQ impulse 

COMPARING STOP (STOP): A-B, 27 

Comparing stop is normally wired from 



the UNEQ or ALTN hubs to stop machine 
operation. When this hub receives an im- 
pulse, no more cards are fed from the hop- 
per, and the cards inside the machine auto- 
matically run out before the machine stops. 
The card for which the machine has stopped 
will be the next to the last card out. On the 
runout, cards are read, compared, printed, 
and selected according to control-panel 
wiring. Master information from the last 
master-card read remains in storage for 
comparing with detail cards when machine 
operation is resumed. Master information 
remains in storage until another master 
card is read or until the control panel is 
changed. 

Information stored in the typewheels for 
repeat printing is held when the machine 
stops. This information is available to print 
on the next card read, if it is a detail card. 

COMPARE SUPPRESS (SUP): A-B, 28 

Compare suppress accepts impulses from 
UNEQ, ALTN, or I SUP hubs to suppress 
printing on cards for which ALTN, UNEQ, 
or I SUP emit. Wiring to the nonsuppress 
switch has no effect when SUP is impulsed. 



COMPARE SUPPRESS IMMEDIATE (I SUP): 
A-B, 29 

Compare suppress immediate emits im- 
pulses when two or more master cards im- 
mediately follow each other. I SUP wired 
to SUP suppresses printing on all master 
cards except the last in the series. For in- 
stance, in the sequence M5-D6-M7-M8-M9, 
if I SUP was wired to SUP, printing would 
be suppressed on M7 and MB.. 

Wiring the nonsuppress switch has no 
effect when I SUP is wired to compare sup- 
press. 

COMPARE OU (OU): A-B, 32 

The compare on hubs must be jackplugged 
to make this feature active. In Fig. 9-13, 
the 557 is controlled to compare detail cards 
with the preceding master card. If the re- 
sult of comparing is unequal, printing is 
suppressed and the machine stops as wired 
by the following: 

1. Control-X contact 20 is used to read 
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Fig. 9-13. Suppressing printing on unmatched detail cards 
(Courtesy of International Business Machines, ) 



2. 



3. 



master cards that are X punched in 
column 80. Control-X read 20 is 
wired to repeat control X, and the 
X-switch is wired on. With this 
wiring, the master cards are recog- 
nized. Also, control is set up for 
repeat print and comparing opera- 
tions. 

The control field to be compared is 
wired from interpret reading to 
comparing entry. 

Plug-to-print is wired to print en- 
try 1 to repeat-print the control field 
on the master and following detail 
cards. 



Wiring from interpret reading to 
print entry 1 sends master-card in- 
formation to the typewheels for the 
repeat-print operation. This field 
is not used in the compare operation, 
so it is wired directly to print en- 
try 1. 

Wiring from UNEQ to SUP and STOP 
stops the machine operation and sup- 
presses printing on unmatched de- 
tail cards. 

The ALTN hub is not wired because 
in this problem multiple-detail 
cards are the normal condition. 
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7. The normal proofwiring is used for 
this operation. 

8. Suppress-X switch must always be 
wired unless printing of NX cards 
is suppressed. 

9. Zero print-control wiring is em- 
ployed. All zeros to the left of the 
significant digits in the control field 
print; zeros do not print to the left 
of significant digits in print-entry 
positions 45 to 59. 

10. The switch is jackplugged to acti- 
vate comparing. 

PROBLEM 4: Compare the data contained 
in columns 1 to 5; if UNEQ, suppress 
printing and stop the machine. The mas- 
ter cards are identified by an X punch 
and read by control X 20. 

PROBLEM 5: Draw the comparing wiring 
and the wiring for selector 1 to perform 
the following operation: 

1. The normal sequence of the file 
should be alternating master and 
detail cards with matching control 
fields. 

2. On all multiple detail cards stop the 
machine and suppress printing. 

3. Stop the machine and suppress print- 
ing for all master cards not imme- 
diately followed by a detail card. 

SELECTIVE STACKING 

Each of the selective stackers (3, 2, and 
1) has four control hubs used to determine 
which cards fall into each stacker. The 
control hubs are labeled CTRLX, IMM PK, 
INT BR, and COMP (A-C, 23-26). If a card 
is directed by panel wiring to fall into two 
stackers at the same time, the card goes to 
the first one it reaches. 



STACKER CONTROL X, 1, 2, and 3 
(CTRLX): A-C, 23 

The 1, 2, and 3 hubs represent the cor- 
responding stackers. These hubs accept 
impulses from control-X read to select the 
cards that are X punched in a given column. 
A control-X contact must be wired to read 
the column. 



2, 3 (IMM PK): 



STACKER IMMEDIATE 1, 
A-C, 24 

Stacker immediate receives impulses 
wired from UNEQ to select the card before 
the unequal card or from ALTN to select 
the card preceding the card from which 
ALTN is emitting. 



STACKER 
BR): A-C, 



INTERPRET 
25 



1, 2, and 3 (INT 



These hubs receive any impulse from 
interpret reading to select the card being 
read. 

STACKER COMPARE 1, 2, and 3 (COMP): 
A-C, 26 

Stacker compare receives impulses 
wired from UNEQ and ALTN hubs. If UNEQ 
is wired to COMP, the unequal detail card 
is selected. If ALTN is wired to COMP, 
each card for which ALTN emits is se- 
lected. The following explains which card 
will be selected by impulsing a selective 
stacker hub. 



HUB 



IMPULSED 
BY 



CARD SELECTED 



CTRLX Control X X-punched cards 



IMM PK UNEQ 



ALTN 



INT BR 



COMP 



Interpret 
reading 

UNEQ 
ALTN 



Card before the un- 
equal CARD 

Card preceding the 
card for which ALTN 
is emitting 

Card being read 



Unequal detail card 

Each card for which 
ALTN emits 



The wiring in Fig. 9-14 illustrates the 
use of selective stacking. 

1, Control-X contact 20 senses the X 
in column 80. Wiring control-X 
read 20 to repeat control X and 
wiring the X-switch indicates when 
a master card is being read. 

2. The control field is wired from in- 
terpret reading to compare entry. 
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Fig. 9-14. Print suppression and card selection 

(Courtesy of International Business Machines. ) 



4. 



Wiring from plug-to-print to print 
entry 1 allows the control informa- 
tion to print on the master card and 
repeat print on detail cards. 
Wiring from interpret reading to 
print entry 1 enables master card 
information not being compared to 
repeat print in detail cards. 

UNEQ wired to SUP prevents print- 
ing on unmatched detail cards. 
UNEQ wired to stacker 2 COMP di- 
rects unmatched detail cards to 
stacker 2. 

Wiring from control-X read contact 
20 to stacker 3, CTRLX, causes the 



8. 



machine to stack all master cards in 
stacker 3. No column split is neces- 
sary with this wiring. The dotted 
line shows an alternate wiring to 
select X- punched master cards by 
wiring from interpret read brush 80 
through a column split to stacker 3 
INT BR. 

Suppress-X switch must be wired 
unless printing on NX cards is sup- 
pressed. 

Normal zero print-control wiring is 
used. NOTE: For a machine with a 
proof device, wiring should be added 
for proofreading each field being 
printed. 
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9. The switch is jackplugged to acti- 
vate comparing. 

PROBLEM 6: Draw a diagram showing only 
the wiring for comparing and selection 
to perform the following: 

1. Suppress printing for unmatched de- 
tail cards 

2. Select to stacker 1 unmatched and 
duplicate master cards 

3. Select to stacker 2 unmatched de- 
tail cards 

4. All other cards to stacker 4 (the 
normal stacker) 

SELECTIVE LINE PRINTING 

If the selective line printing device is 
Installed on the 557 Interpreter, the follow- 
ing devices must also be installed: 

1. Control-X read (presense) 

2. Repeat print 

3. A minimum of five positions of com- 
paring 

4. A minimum of one selective stacker 
Selective line printing is available in two 

models to post a maximum of either 25 lines 
(SLP-25) or 50 lines (SLP-50) from a data 
card to each face of a ledger card. By re- 
versing the card, a maximum of either 50 
or 100 lines can be posted from a data card 
to a ledger card. Print control is main- 
tained by control-panel wiring. 

OPERATION 

Any application that uses a ledger card 
can utilize this feature. For example, the 
posting of cash receipts cards on a ledger 
card could be accomplished after the ledger 
card was merged behind the corresponding 
receipts card. 

The 557 can print Information from a 
master card on the same master card and/ 
or Subsequent detail card or cards. There- 
fore, in a posting operation, the data cards 
would be identified as master cards and the 
ledger cards as detail cards. The termi- 
nology master - data cards and detail - ledger 
cards will be used for the remainder of this 
section. Information can be posted from a 
master-data card to an immediately follow- 
ing detail-ledger card. Card-to-card com- 



paring should be performed at the same 
time. The multiple stackers can be im- 
pulsed to select out cards from both the 
card-to-card comparing and posting opera- 
tions. If suppress print is being used In the 
card-to-card comparing process, this de- 
vice operates the same for all repeat-print 
processes. For example, if we are repeat 
printing the control-compare field on NX 
cards only, we can post by selective -line 
printing on NX ledger cards only. Each 
printed line requires a separate pass of the 
data and ledger cards. 

Ledger cards can be posted in any se- 
quence on the 25 or 50 printing lines through 
control-panel wiring. The posting sequence 
must be the same during any specific run of 
the cards. For instance, if we wire the 557 
to post ledger cards three times on lines 5, 
10, and 25, all ledger cards must be posted 
on those lines and in that order. The print- 
position dial is inoperative during selective 
line printing. The data card is positioned 
for printing by means of control-panel 
wiring. 

SENSING UNIT 

Certain print positions on ledger cards 
are reserved for the posting-indicator mark 
only. This (diagonal) mark is printed from 
the to 1 section of the typewheel. The 
posting-indicator marks are sensed by a 
photosensitive unit. This unit recognizes 
the posting-indicator marks printed on the 
ledger card during the previous posting run. 
The mark is in line with, and printed at the 
same time as, the posted Information (Fig. 
9-3). 

After the mark or marks made during 
the previous posting or postings have been 
read at the sensing station, the card is au- 
tomatically positioned to be printed on the 
next posting line. This line has been deter- 
mined by control-panel wiring. The card 
then moves to the printing station where the 
next line is posted, and a new indicator 
mark is printed. 

SLP-25 COMPONENTS: AB-AG, 23-35 

Fifty posting hubs are provided, two 
common-exit hubs for each of the 25 posting 
passes. They are usually wired to print- 
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line entry hubs or the comparing (comp) 
hub of a selective stacker. After all indi- 
cator marks on the ledger card have been 
scanned, one set of posting hubs emits. 
These hubs emit consecutively and in se- 
quence, one set at a time. For instance, if 
a ledger card has been posted three times 
previously, the fourth set of posting hubs 
emits regardless of where the previous 
three lines have been printed. 

Ledger cards may be selected to stackers 
1, 2, or 3 after the desired number of post- 
ing entries has been made. An impulse 
from the posting hub designating the last 
printed posting of the overflow-25 hub (AB, 
21-22) must be wired to the COMP hub of a 
selective stacker. The fully posted card 
can be selected to one of the multiple stack- 
ers on either the twenty-fifth or twenty- 
sixth pass of the file. If ledger cards which 
have been posted 25 times are to be selected 
out directly after the twenty-fifth posting, 
posting hub 25 must be wired to the COMP 
hub of one of the selective stackers. If the 
ledger cards are to be selected on the twen- 
ty-sixth pass of the file, OFLO-25 must be 
wired to the COMP hub of one selective 
stacker. If fewer than 25 lines are being 
printed, the ledger card can be selected di- 
rectly after the last posting or on the pass 
of the file following the last posting. For 
instance, if we are posting ten times and 
wish to select the ledger card on the tenth 
pass of the file, posting hub 10 would be 
wired to the COMP hub of a selective stack- 
er. If the ledger card is to be selected on 
the eleventh pass of the file, the following 
wiring would be necessary: 

1. Posting hub 11 to the COMP hub of 
a selective stacker 

2. Posting hub 11 to COMPARING SUP 
hub to suppress printing on the ledg- 
er card during the eleventh pass of 
the file. 

Twenty-five print-line entry hubs are 
provided, one for each print line on the 
card. These hubs accept impulses to cause 
printing on a specific line of the card. They 
are usually wired from the posting exit hubs. 
Any single-posting impulse can be wired to 
any single print- line hub. 

The overflow-25 hub (OFLO-25) is an 
exit hub that emits only after all 25 lines of 



the card have been posted, i.e., on the 
twenty-sixth pass of the card. This im- 
pulse can be used to select the filled card 
to one of the selective stackers or to stop 
the machine. Print suppression is auto- 
matic when OFLO-25 emits. 

The data card print- line hubs (DC PL) 
(AC, 21-22) are exit hubs that control print- 
ing on the mastercard. They must be wired 
to a specific print-line hub to print all data 
cards during a specific pass of the file. If 
a posting hub has already been wired to the 
desired print-line hub, the DCPL impulse 
can be wired to one of the two common post- 
ing hubs. For example, if we wire posting 
hub 3 to print-line hub 5, we print informa- 
tion on the fifth line of the ledger card dur- 
ing the third pass of the file. If we also 
wish to print on line 5 of the data card we 
wire from DCPL to print-line hub 5 to one 
of the common hubs of posting hub 3. 

Print suppression on the data card is 
accomplished in the normal manner under 
an Xor NX control in the print-suppression 
unit. If the proof device is installed, the 
DCPL hub must always be wired to a print- 
line hub. If printing is being suppressed on 
the data card, the DCPL hub must still be 
wired to a print-line hub, or a proof error 
will occur. 

CARD AND PRINT ADJUSTMENT 

Because the photosensing unit is sensi- 
tive to punching, printing, and coloring, 
certain adjustments in these areas must be 
made for the ledger card only. Because the 
data card prints under a separate control, 
it can be punched and printed in the normal 
manner. In SLP-25 with single -face post- 
ing, the following restrictions must be ob- 
served for all ledger cards: 

1. No printing or marking of any kind 
other than the posted information 
can occur within one -half in. of the 
right edge of the card. A maximum 
of 57 characters can be printed on 
any single pass of the card. 

2. Columns 78, 79, and 80 must not be 
punched. 

3. The card must be free of colored 
stripes; white or natural stock is 
recommended. 
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4. Corner cuts cannot be made in the 

upper or lower right-hand corners 

of the card. 

If both faces of the card are being posted 

in SLP-25, the following restrictions must 

be observed for the ledger card: 

1. No printing or marking of any kind 
other than the posted information 
can occur within one-half in. of the 
right edge of both faces of the card. 
A maximum of 59 characters can be 
printed on any single pass of a card. 

2. Columns 1, 2, 3 and 78, 79, 80 must 
not be punched. 

3. The card must be free of colored 
stripes; white or natural stock is 
recommended, 

4. The card cannot have corner cuts. 



Fig. 9-15 is a combined SLP~25 and 
card-to-card comparing operation. The 
ledger card is posted on all 25 lines. 
Matching control fields for master and de- 
tail cards are punched in columns 21 to 25. 
The sequence of the file is alternating data 
and ledger cards. Information to be posted 
is punched in columns 45 to 60 of the mas- 
ter card; it is X punched in column 50. 
The wiring to accomplish this follows: 

1. The control field is used in the com- 
pare operation only; it is not printed 
on either data cards or ledger cards. 
Wiring from columns 21 to 25 to 
compare entry checks the related 
fields in master and detail cards. 

2, Posted information is read from 
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Fig, 9-15, SLP-25; 25-line posting 



THE 557 ALPHABETIC INTERPRETER 



171 



columns 45 to 60 in master cards 
and printed in position 25 to 40 on 
detail cards. 

3. The control-X read station 10 is set 
to read column 50 of master cards 
and impulses the repeat-print unit. 
Master cards are X punched, so the 
X-switch is wired, 

4. Wiring interpret read brush 50 to 
suppress print, withX-switch wired, 
suppresses printing on master data 
cards. 

5. Unequal and alternate hubs are jack- 
plugged and wired to the STOP hub. 
If control fields do not match or the 
sequence of the file is not alternately 
master and detail, the machine stops. 
The error card is the next to the 
last card in the stacker. 

6. The SLP-25 switch must be wired. 

7. Posting hubs 1 to 25 are wired to 
print lines 1 to 25. The first pass 
of the card is printed on line 1, the 
second on line 2, etc. 

8. Posting hub 25 is wired to stacker 3 
COMP. Completely posted cards 
are selected out on the twenty-fifth 
pass of the file. The dotted line 
from OFLO-25 to stacker 3 COMP 
shows the alternate method of se- 
lecting fully posted ledger cards on 
the twenty-sixth pass of the file. 
Cards with less than 25 posted lines 
stack normally in stacker 4. 

NOTE: Selection on both the twenty-fifth 
and twenty-sixth passes of the ledger card 
can be combined at the same time by wiring 
OFLO-25 to the INT BR hub of stackers and 
posting hub 25 to COMP hub of stacker 3. 

9. Although printing is suppressed on 
the data card, DCPL must still be 
wired. DCPL is wired to print line 1. 

10. Normal zero print-control is wired 
for the posted field. 

11. Jackplug the ON hubs to make com- 
paring active. 

PROBLEM 7: Draw the wiring for compar- 
ing, stacker selection, and selective 
line posting to accomplish the following: 

1. X-switch is wired, 

2. The card is to be posted only five 
times on print lines 1, 2, 5, 7, and 



10, successively. 

3. Select the ledger card to stacker 3 
on the fifth pass of the file. 

4, Activate comparing. 

There are many variations of the sample 
applications in addition to those applications 
not mentioned in this section. The only 
limitation to the interpreting capabilities of 
the 557 is the application and the user's 
imagination. The other special features 
are not explained because they lack the wide 
adaptability of those explained and there- 
fore are less likely to be encountered. 

IBM 557 Alphabetic Interpreter Questions 

Multiple choice 

1. The basic function of the 557 is to read 



a. 



c. 



d. 



printed data on a card and trans- 
late it into punched data on the 
same card 

punched data on a card and trans- 
late it into printed data on the 
same card 

printed data on a card and trans- 
late it into punched data on a dif- 
ferent card 

punched data on a card and trans- 
late it into printed data on a dif- 
ferent card 



How many characters can be printed 
on one line of a card? 



a. 


20 


b. 


80 


c. 


60 


d. 


120 



On how many lines can printing be 
performed? 



a. 


one 




b. 


two 




c. 


13 




d. 


25 




Cards are put into the hopper 


a. 


face down, 9 edge toward the throat 


b. 


face down, 
throat 


12 edge toward the 


c. 


face up, 9 


edge toward the throat 


d. 


face up, 12 


edge toward the throat 
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5. Which of the following cards have been 
interpreted correctly, according to the 
interpreter instructions? (See Fig. 
p9-l.) 

a. A 

b. B 

c. C 

d. D 

6. Which is the correct wiring diagram 
for this instruction? (See Fig. p9-2.) 



a. 


A 


b. 


B 


c. 


C 


d. 


D 



7. Which is the correct wiring diagram 
for this instruction? (See Fig. p9-3. ) 



a. 


A 


b. 


B 


c. 


C 


d. 


D 
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Fig. p9-l. (Courtesy of International Business Machines.) 
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Fig. p9-2, (Courtesy of International Business Machines.) 
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Fig. p9-3. (Courtesy of International Business Machines.) 
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Which would be the correct Interpreter 
instructions for Fig. p9-4? 



a. 


A 


b. 


B 


c. 


C 


d. 


D 



9. Which of the following diagrams (Fig. 
p9-5) shows the control panel wired 
correctly to carry out the instructions? 

a. A 

b. B 

c. C 

d. D 
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Fig. p9-4. (Courtesy of International Business Machines.) 
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THE 557 ALPHABETIC INTERPRETER 



177 



Answer True or False 
10. 



11. 



12. 



13. 



14. 



15. 



16. 



o o 
o o 



All 80 columns of a card can be 
interpreted on one pass through 
the machine. 

The line on which printing is 
performed is controlled by the 
print-entry switch. 

All zeros will be interpreted 
unless specifically wired not to 
interpret. 

The setting of the printing posi- 
tion dial determines in what 
printing position on a line a 
character will be printed. 

It is possible on one pass through 
the machine to interpret a field 
in two places on the card. 

Card row 11 corresponds to 
printing line 4, 

The diagram (Fig. p9-6) shows 
the wiring required to interpret 
all zeros read in columns 35 to 
38, 
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Fig. p9-6. (Courtesy of 

International Business 
Machines. ) 



The diagram (Fig. p9-7) shows 
the correct method for wiring 
the suppress X hubs. 

The diagram (Fig. p9-8) shows 
wiring for interpreting low- 
order zeros only. 




NGN s 
o — K> ' 



Fig. p9-7. 



(Courtesy of 
Liternational Business 
Machines. ) 
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Fig. p9-8. (Courtesy of 

International Business 
Machines. ) 

19. If the control punch is in a nu- 
meric field you would not wire 
through the column split hubs. 

20. In class selection you would 
need to perform zero print- 
control wiring for two sets of 
printing positions. 

21. If only some cards in a file are 
to be interpreted, it is neces- 
sary before the machine run to 
separate out those cards which 
are not to be interpreted. 

22. If only NX40 cards are to be in- 
terpreted, the cards in Fig. 
p9-9 have been interpreted cor- 
rectly. 

23. The posting of a card requires 
a different control-panel wiring 
setup for each posting line. 

24. Each time a transaction is re- 



178 



THE 557 ALPHABETIC INTERPRETEK 



I i^r^^b' 



.S S I N 



5 601 



0|0|000|0000|000|00||OOOOQOOOOOOOOO|0|0|000|00000|00000|00|00||OOOD|OOOOD||000|0 

I 2 3 4 S i T S 9 10 1112 13 14 15 16 ]T IS 19 2D 21 22 23 24 25 26 27 2B 29 3D 31 32 33 34 35 36 37 3B 39 40 41 42 43 44 45 4B 47 48 49 50 51 52 53 54 55 5G 57 58 53 60 61 62 63 64 65 66 E7 69 ES 70 71 72 73 74 75 76 77 76 7S 90 

n|iiini|ini|tniitiiniiininni|i|iiintiiitMiiiii|itinii|inni||iiiin| 

222222|2222|2222|22||2222222222222322222222222222222222 2 3 222222222222 II 2222|2222 
3 33 333 33|333|3 333 33 33 333 33 3333|333 333 33 333 3 3 333 3333313 333 333 333 33333333 333 33 3133 
|4 444444444444444|444444444444444|4444444|44 44 II 4 4 444444444444444444444444444444 
55555S555555J55|5555S55|5S'55S5S55S55595555|55|55|S55.5|5555 5S J3555S5555555559S555 
6G666666SG666666e66666|6666E6666|6666666666E6666E66|66|6 66Be666|6||6666B6666666K 
77777|7777777777777777777777777777777 777777777777717 77777777 77777777777777777777 
B838888888|8888338888888888888S|88|8888868888B8888S8888B888|88868888|888888i8888 
993 9|99999999|999 8|99|9993999999 99 !)39999|939|993999999999|93|99999 99999999999999 

1 2 3 4 5 S 7J_£_10 11 12 13 1* 15 16 17 19 19 30 21 22 2^ 2< 25 ':5 27 29 23 30 31 32 33 34 35 36 37 39 39 49 41 42 43 44 43 46 47 49 49 50 51 52 53 54 55 36 57 SB 59 60 61 82 83 84 65 66 67 69 6S 71 71 72 73 74 75 76 77 79 79 90 

ruM.oin 



Fig. p9-9. (Courtesy of International Business Machines.) 



corded on a line of a ledger card 
a diagonal posting indicator 
mark is printed on that line in 
columns 78 to 80. 



25. 



Completely posted cards can be 
directed into a selective stack- 
er by means of control-panel 
wiring. 
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519 Control Panel. Shaded areas represent special features. 



Section JL \J 
THE 519 DOCUMENT ORIGINATING MACHINE 



It is assumed that the student has be- 
come familiar with the 514 Reproducing 
Punch before beginning this section. 

The 519 Document-Originating Machine 



(Fig. 10-1) permits the rapid, automatic 
preparation of IBM punched card docu- 
ments. Reproducing, gangpunching, and 
end printing are the basic functions of the 
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Fig. 10-1. IBM 519 Document- Originating Machine 

(Courtesy of International Business Machines. ) 
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machine. The 519 performs all of the op- 
erations of the 514: 

Reproducing 

Reproducing and comparing 

Selective reproducing 

Selective reproducing and comparing 

Field-selected reproducing 

Class-selected reproducing 

Comparing of class and field-selected 
reproducing 

Gangpunching 

Gangpunching and comparing 

Interspersed master-card gangpunching 
(Masters can be in either the read or 
punch tinit. ) 

Interspersed master-card gangpunching 
and comparing 

Offset gangpunching 

Offset gangpunching and comparing 

Reproducing and gangpunching 

Reproducing, gangpunching, and com- 
paring 

Double punch and blank-column detection 
(special features) 

Mark sensing (special features) 

In addition to all of these, the standard 
519 is capable of end printing, which en- 
ables printing of up to eight digits on the 
face of the card during a single run through 
the machine. These digits can be printed 
on the face of the card in which they are 
punched (interpreting) or printed on one set 
of cards from the punched holes in another 
set of cards (transcribing). 

OPERATING KEYS, SWITCHES, AND 
SIGNALS 

The 519 possesses a complement of keys 
and lights similar to the 514. 



Switch Key Light Function 

Main-line switch Supplies power 



Start key 

Stop key 
Reset key 

Ready light 
Comparing light 



DPBC detection 
light 



Print light 



Causes the machine to 
start feeding 

Stops card feeding 



Pressed to resume op- 
erations after an error 



Indicates the machine is 
ready, but that there are 
no cards feeding 



Comes on as the result 
of a comparing error, 
goes off when the Reset 
key is pressed 

Comes on as the result 
of a double-punch or 
blank-column error 



Comes on when the print 
unit is engaged and ready 
to print 



SCHEMATIC (Fig. 10-2) 

The schematic of the 519 is identical to 
that of the 514, the only difference being 
the names of two reading stations. The fol- 
lowing chart compares the 514 control panel 
with the 519 control panel. 
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Fig. 10-2. 519 schematic (Courtesy of International Business Machines.) 
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514 
RX-brush hubs 
Reproducing brushes 
Comparing brushes 

PX-brush hubs 
Mark-sensing brushes 
Punch magnets 



Location 
J, 5-9 
A-D, 1-20 
AG-AK, 1-20 

P, 1-6 

X, 4-17 
K-N, 1-20 



RD-hub 



H. 7 



The manual switches on the 514 are re- 
placed on the 519 by control-panel wired 
switches . 



514 Switch 
Reproduce 
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Sel Repd and 
GP Comp 



519 Hubs 
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PDIR XN 

COMP 



Location 
A-B, 1-2 

H-J, 3-4 
S-U. 3-4 



519 

RX-brush hubs 

Reproducing brushes 

Comparing and 
transcribing brushes 

PX-brush hubs 

Mark-sensing brushes 

Punch direct 
Punch normal 
Punch transfer 
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PDel 



RDel 



Location 
H-N, 1 
L,W, 5-44 

P, Z, 5-44 

H-N, 2 

E, 5-44 

M,X, 5-44 
H, T, 5-44 
N,Y, 5-44 

N-Q, 3-4 

K, 3-4 

E-G, 44 

AB-AD,5-44 

K,Q, 5-44 

L, 3-4 

R, 3-4 



Since the functions and the basic wiring 
on the 5,19 are similar to those of the 514, 
only the control panel hubs that are unique 
to the 519 will be explained. Figure 10-3 is 
an example of reproducing and comparing. 
Card columns 1 to 10 are reproduced into 
columns 1 to 10 and the reproduced columns 
are then compared to the columns in the 
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Fig. 10-3. Reproducing and comparing 
(Courtesy of International 
Business Machines. ) 
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source card. Comparing and verification 
are interchangeable terms. 

REP (REPRODUCE SWITCH): A-B, 1-2 

This switch must be wired on to cause 
the read and punch units to operate together. 
This functionwas accomplished by the man- 
ual reproduce switch on the 514. 

COMPARING UNIT: K, Q, V, AA, 5-44 

This unit acts the same as the comparing 
magnets on the 514, but because there are 
80 positions, it is advisable to use the po- 
sitions corresponding to the columns being 
compared. As a result, the indicator in 
the comparing- indicator unit will not only 
indicate which comparing magnet detected 
an error, but also which card column was 
in error. 

PUNCH DIRECT RPD^G MS AND GP: M, 
X, 5-44 

These 80 hubs are direct entries to the 
punch magnets for punching the correspond- 
ing columns of the card. Impulses wired 
to these hubs cause punching unless punch- 
ing is suspended by the punch-direct switch. 
Because the read and punch units are being 
used together, REP is wired on. Informa- 
tion from the card passing the reproducing 
brushes reaches the punch unit through the 
punch direct entries. The reproduced holes 
are then compared with a second reading of 
the holes in the source cards by the gang- 
punching brushes and the comparing brushes 
which are wired into the opposite sides of 
the comparing unit in corresponding po- 
sitions. 

PROBLEM 1: Draw a diagram to repro- 
duce columns 11 to 15 into columns 11 to 
15 and reproduce columns 21 to 25 into 
columns 31 to 35. Use punch direct and 
compare both field using comparing-unit 
positions 11 to 15 and 31 to 35. 

STRAIGHT GANGPUNCHING 

In straight gangpunching you can wire 
from the gangpunch and interpreting brushes 
to either punch normal or punch direct as 
seen in Fig. 10-4. Both sets of wiring will 
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Gangpunching (Courtesy 
of International Business 
Machines. ) 



cause straight gangpunching. Comparing 
of straight gangpunching can be done visu- 
ally by looking through the gangpunched 
columns of the entire file, if small enough, 
or by comparing the first and last cards of 
the file. The read unit can also be used for 
comparing while gangpunching is taking 
place in the punch unit. Columns 1 to 5 are 
gangpunched by wiring from the gangpunch- 
ing brushes to the punch-normal entries. 
Columns 6 to 10 are gangpunched by wiring 
from the gangpunching brushes to the punch- 
direct entries. 

PROBLEM 2: Draw a diagram to gangpunch 
information from columns 17 to 22, of 
an X master card into columns 17 to 22 
of the NX detail cards. Use the punch- 
normal method, and compare in the read 
unit using comparing entries 17 to 22. 

INTERSPERSED-MASTER-CARD GANG- 
PUNCHING 

On the 514 you learned that in inter- 
spersed-master-card gangpunching, punch- 
ing had to be suspended whenever a master 
card was under the punch magnets. This 
was necessary to prevent punching data from 
the last detail card of the preceding group 
into the master card of the next group. This 
was accomplished by the use of a PX-brush, 
the detail-master switch, the PX-hub, the 
punch brushes, and the punch magnets. The 
same controls are available on the 519. 
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P DIR (PUNCH DIRECT): H-K, 3-4 

This switch permits punching for either 
X or NX cards. If the X hubs are jack- 
plugged only X cards will be punched. If 
the N hubs are jackplugged only the NX 
cards will be punched. This switch is nor- 
mally activated by an impulse from a PX 
hub to the pickup of the switch. Figure 10-5 
is an illustration of interspersed-master- 
card gangpunching (punch direct method). 
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Interspersed-master- 
gangpunching (punch-direct 
method) (Courtesy of 
International Business 
Machines. ) 



Notice that 



1. Impulses from the holes read at the 
gangpunching and interpreting are 
wired to the punch direct entries 
(the punch normal entries are also 
receptive). 

2. PX- brush 2 is placed to read the X 
in each detail card. Punch direct 
pickup is impulsed from the PX- 
brush for each X detail card. 

3. Because the X detail cards are to be 
punched, P DER X is jackplugged. 
To control this operation for X- 
master cards, remove the jackplug 
from the P DIR X switch and either 
wire P DIR N or leave both X and N 
unwired. 

As on the 514, the comparing of inter- 
spersed-master-card gangpunching can be 
accomplished in the read unit while still 
gangpunching in the punch unit. 



Figure 10-6 shows only the wiring neces- 
sary for comparing a file of gangpunched 
cards containing interspersed masters. 
The reproducing brushes and the compar- 
ing and transcribing brushes for the gang- 
punched columns (Fig. 10-5) are wired to 
the entries of the comparing unit. As on 
the 514, you can use any of the comparing 
entries as long as you use the correspond- 
ing entries of the other unit. RX-brush 2 
is placed to read the X in each detail card. 
The RX-brush reading is wired to the COM- 
PARING pickup. Because the detail cards 
are to be compared, COMP X is wired. 
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Fig. 10-6. Interspersed-master- 

gangpunchlng; comparing 
(Courtesy of International 
Business Machines.) 

COMP (COMPARING) (S-U, 3-4) 

This switch can be wired to make com- 
paring effective for only one type of card X 
or NX. This is done to avoid comparing the 
last detail card of a group with the master 
of the next group. 

The PU (pickup) hubs are normally wired 
from the RX-brush that is set to read the 
identifying X In the card. Then, if the X 
hubs are jackplugged, cards are compared 
only when an X card is at the reproducing 
brushes. If the pickup hubs are wired and 
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neither the X nor N hubs are jackplugged, 
cards are compared only when an NX card 
is at the reproducing brushes. If the pickup 
hubs are not wired and the X hubs are jack- 
plugged, no comparing occurs. 

PROBLEM 3: Draw a diagram to perform 
interspersed-master-cardgangpunehing. 
The master cards are X punched and are 
read by PX-brush 1. The data to be 
gangpunched is in columns 54 to 62. Use 
the punch-direct method. Compare the 
gangpunched cards in the read unit. Use 
RX 1 and comparing entries 54 to 62. 

The previous method of interspersed- 
master-card gangpunching prevents punch- 
ing into the master card by suspending 
punching when the master card is under the 
punch magnets. However, there might be 
times when some pertinent data is to be 
gangpunched, such as the date into the mas- 
ter cards. This can be accomplished by 
the use of selectors. This method allows 
punching certain data in the master cards 
while selecting out other data such as the 
control field. 

PUNCH-TRANSFER METHOD 

When the punch- transfer method of in- 
terspersed-master-card gangpunch control 
is used, punching the gangpunch field in the 
master cards is prevented by an internal 
selector system. This selector can be 
found on the control panel at H, T, 5-44 and 
N, Y, 5-44. The punch is transferred when 
the punch transfer pickup is impulsed (M, 
3-4). To identify the master cards, the PX 
reading is wired to the pickup. If the de- 
tail cards are X punched, the gangpunch 
field is wired to the punch- transfer entries; 
if the master cards are X punched, the 
gangpunch field is wired to the punch nor- 
mal entries. Because punching the gang- 
punch field in the master cards is prevented 
by selection rather than by suspension of all 
punching, other fields can be punched in the 
master card, if desired. This method of 
interspersed-master-card-gangpunch con- 
trol must be used whenever a field that is 
punched is also wired to some other entry, 
such as print or DPBC detection. If the 
PUNCH DIRECT method of X-NX control is 



used. Incorrect punching and printing can 
occur. 

P TFR (PUNCH TRANSFER): M, 3-4 

These pickup hubs control the 80-posi- 
tion internal selector that permits either 
the punch normal entries or the punch 
transfer entries to be connected to the punch 
magnets. When P TFR is impulsed, punch 
transfer becomes the entry to the punch 
magnets, and punch normal is disconnected. 
Otherwise, punch normal is effective, and 
punch transfer is disconnected. The sche- 
matic of the punch-transfer feature is de- 
picted in Fig. 10-7. 

PUNCH NORMAL NX AND GP: H, T, 5-44 

These 80 hubs are normally entries to 
the punch magnets for punching the corres- 
ponding columns of the card. Impulses 
wired to these hubs cause punching unless 
punching is suspended by the punch-direct 
switch or punch transfer is impulsed. The 
control-panel diagram (Fig. 10-8) shows 
the necessary wiring when columns that are 
wired to punch must also be wired to an- 
other entry. In this diagram, the columns 
being gangpunched are also being inter- 
preted on the card as follows: 

1. The gangpunching and interpreting 
brushes are wired to both punch- 
transfer entry and print entry. 

2. PX-brush 2 is wired to P TFR. 
This makes the punch-transfer hubs 
entries for punching the X detail 
cards. 

The other wiring is the same as for Fig. 
10-6. 



SELECTIVE REPRODUCING 

Selective reproducing allows you to re- 
produce selectively only X or NX cards by 
control-panel wiring. The selectively re- 
produced cards can then be compared to 
ensure the accuracy of the reproduced card. 
The following wiring to selectively repro- 
duce X 18 cards can be seen in Fig. 10-9. 

1. Because the units are being used to- 
gether, REP is wired on. 

2. When an X 18 card reaches the RX- 
brushes, P TFR is impulsed. This 
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Fig. 10-7. Operation of the punch-transfer feature 

(Courtesy of International Business Machines.) 
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Fig. 10-8. Interspersed-master- 

gangpunching and comparing 
(punch-transfer method) 
(Courtesy of International 
Business Machines.) 

makes the punch-transfer entries 
receptive as the source card passes 
the reproducing brushes. 

3 . Reproducing takes place through 
this wiring. 

4. The reproduced cards are compared 
on the following cycle. The com- 
paring control is wired through the 
read delay unit to be effective as the 
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Fig. 10-9. Selective reproducing and 
comparing 
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X source card passes the comparing 
brushes. The comparing X-switch 
is jackplugged. 

PROBLEM 4: Draw a diagram to reproduce 
selectively columns 17 to 22 of NX cards 
into columns 17 to 22 . Compare in com- 
paring unit entries 17 to 22. Reading 
brush 2 is reading the control column. 

FIELD-SELECTED REPRODUCING 

To select information from one of two 
fields in the source card and reproduce it 
into a single field of the reproduced card, 
the punch normal and punch transfer entries 
are used. Selection is made by the pres- 
ence or absence of an X punch in a specified 
column that is read by an RX-brush. The 
field to be reproduced from the X cards is 
wired to the punch-transfer entries and the 
field from the NX cards is wired to the 
punch-normal entries. When the repro- 
duced information is compared, the X and 
NX fields in the source cards must again 
be selected. The X reading is delayed one 
cycle, and a selector is transferred for 
each X card when it is read by the compar- 
ing brushes; the selector is normal when 
each NX card is read by the comparing 
brushes. 

R DEL (READ DELAY): R, 3-4 

When the left hub is impulsed from an 
RX-brush reading, the impulse is remem- 
bered and is available from the right hub at 
RX time of the following cycle. 

The following wiring is an example of 
field-selected reproducing and comparing 
and depicted in Fig. 10-10: 

1. REP is wired on, because the units 
are to operate together. 

2. RX-brush 2, which reads the con- 
trol column, is wired to P TFR. 

3. When an NX card passes the repro- 
ducing brushes, columns 50 to 54 
are reproduced through the punch- 
normal entries. 

4. When an X card passes the repro- 
ducing brushes, columns 50 to 54 
are reproduced into columns 3 to 7 
through the punch-transfer entries. 

5. The RX-brush reading is also wired 
to the read delay entry. Just before 
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Fig. 10-10. Field-selected reproducing 
and comparing (Courtesy of 
International Business 
Machines. ) 

the X card passes the comparing 
brushes, the delay exit emits a de- 
layed RX impulse that picks up se- 
lector 1. 
6. When the selector is transferred, 
columns 50 to 54 of the X source 
card at the comparing brushes are 
compared with columns 3 to 7 of the 
card passing the gangpunching 
brushes. Otherwise, the selector 
is normal, and columns 3 to 7 of the 
NX source card are compared with 
columns 3 to 7 of the card passing 
the gangpunching brushes. 

OFFSET GANGPUNCHING 

Whenever data from certain columns in 
the master cards is to be gangpunched into 
different columns in the detail cards, the 
operation is known as offset gangpunching . 
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When a master card follows a detail card, 
punching must be suspended as in normal 
gangpunching, to prevent punching into the 
master card. 

Because this operation requires that in- 
formation be read from either of two card 
fields, selection is required. The punch 
normal and punch transfer entries to the 
punch magnets are used for this selection 
and are controlled by the identifying X punch 
in the cards . The X can be punched in either 
the master cards or the detail cards. 

In order to compare the selected fields, 
the master card impulse must be remem- 
bered. This is accomplished by the P DEL 
hubs. 

P DEL (PUNCH DELAY): L, 3-4 

When the left hub is impulsed from the 
PX-brush, the impulse is remembered and 
is available at the right hub one cycle later, 
just before the X card passes the gangpunch- 
ing brushes. 

Figure 10-11 illustrates the necessary 
wiring for offset gangpunching: 

1. PX-brush 2 is wired to the punch 
direct pickup to suspend punching as 
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Fig. 10-11. Offset gangpunching; 
X-detail operation 
(Courtesy of International 
Business Machines.) 



the master card passes the punch 
station. Because the X cards are 
detail cards, the punch direct X-hubs 
are jackplugged. 

2. PX-brush 2 is also wired to punch 
delay. Just before each detail card 
passes the gangpunching brushes, 
the delay exit (right hub) emits an 
impulse that picks up punch transfer. 

3. The punch-normal entries are re- 
ceptive when a master card passes 
the gangpunching brushes; therefore, 
gangpunching brushes 50 to 54 are 
wired to punch-normal entries 3 to 
7 for master to detail gangpunching. 

4. Normal gangpunching from detail to 
detail is wired from gangpunching 
brushes 3 to 7 to punch-transfer en- 
tries 3 to 7. 

PROBLEM 6: Draw a diagram using the 
same columns as Fig. 10-11. In this 
problem the master cards are X punched 
and detail cards are not. 

COMPARING 

When offset gangpunching is compared, 
field selection similar to that required when 
the cards are punched is necessary. The 
selection must be made to read the proper 
field from the card at the comparing brushes. 
When a master card is at the comparing 
brushes, the master field must be read for 
comparison with the detail card at the re- 
producing brushes; when a detail card is at 
the comparing brushes, the detail field must 
be read for comparison with the following 
detail card at the reproducing brushes. The 
features available to accomplish offset gang- 
punch comparing are: Selectors: AB-AD, 
5-44. 

These selectors function exactly as the 
selectors on the 514; when the selector 
pickup is impulsed the connection between 
common (C) and normal (N) is broken and a 
connection is made between common (C) and 
transfer (T). 

SELECT PU (SELECTOR PICKUP): V-X, 
1-4 

The selectors have three pickup hubs: 
1. The R (READ) pickup hub is nor- 
mally wired from an RX-brush to 
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cause the selector to transfer and 
remain transferred until the X card 
that caused the selector to trans- 
fer passes the REPRODUCING 
BRUSHES. 

2. The P (PUNCH) pickup hub is nor- 
mally wired from a PX- brush to 
cause the selector to transfer and 
remain transferred until the X card 
that caused the selector to transfer 
passes the punch station. 

3. The B (BALANCE) pickup hub is re- 
ceptive to a balance test impulse 
from the accounting machine for non- 
net-balance summary punching op- 
erations. 

NOTE: R and P pickups can be used in- 
terchangeably when both feeds are being 
used. 

R DEL (READ DELAY): R, 3-4 

The above hubs are used in Fig. 10-12 
to perform offset gangpunch comparing of 
X detail cards. RX-brush 2 is wired to the 
comparing pickup. Because X detail cards 
are to be compared, the comparing X hubs 
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Fig. 10-12. 



Offset gangpunch comparing; 
X-detail operation (Courtesy 
of International Business 
Machines.) 



are jackplugged. RX-brush 2 is also wired 
to the read-delay entry. When an X card 
passes the comparing brushes, the exit hub 
emits and transfers selector 1. The detail 
field (columns 3 to 7) is wired from the 
comparing brushes through the transferred 
side of the selector to the comparing en- 
tries. The offset field from the NX master 
cards (columns 50 to 54) is wired from the 
comparing brushes through the normal side 
of the selector to the comparing entries. 
Comparing is effective only when X detail 
cards are passing the reproducing brushes; 
thus, the other side of the comparing unit is 
wired from the reproducing brushes directly 
from the detail field (columns 3 to 7). For 
X master cards the jackplug must be re- 
moved from the comparing X hubs. 

COMBINED REPRODUCING AND GANG- 
PUNCHING 

For all combined reproducing and gang- 
punching operations, the read and punch 
units operate together. If gangpunching is 
to be performed from a single master card 
and no master card control is used, a blank 
card should precede the cards in the read 
unit. This is necessary because the master 
gangpunch card in the punch unit should be 
one card cycle in advance of the first source 
card in the read unit to avoid reproducing 
the first source card into the gangpunch 
master card. 

GANGPUNCH MASTERS INTERSPERSED 
IN THE PUNCH UNIT 

With the gangpunch masters interspersed 
in the punch unit, whenever a new master 
card arrives at the punch station, punching 
must be suspended for one cycle so that the 
master card can be passed and not punched. 
At the same time, feeding in the read unit 
must be stopped, so that the next source 
card can be reproduced into the card fol- 
lowing the gangpunch master. 

READ: N-Q, 3-4 

This switch can be wired to control feed- 
ing in the read unit, so that feeding is per- 
mitted for only one type of card (X or NX) 
in the punch unit. 

The PU (pickup) hubs are normally wired 
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from the PX-brush that is set to read the 
identifying X. Then, if the X hubs are jack- 
plugged, a card is fed past the reproducing 
brushes whenever an X card is fed past the 
punch station; if the N hubs are jackplugged, 
a card is fed past the reproducing brushes 
whenever an NX card is fed past the punch 
station. K the pickup is wired and neither 
the X nor N hubs are jackplugged, the op- 
eration is the same as when the N hubs are 
jackplugged. 

The following wiring in which the gang- 
punch masters are X punched is illustrated 
in Fig. 10-13: 

1. Because the two units are operated 
together, REP is jackplugged. 

2. Gangpunching takes place through 
this wiring. 

3. Reproducing takes place through 
this wiring. 

4. When an X master card is read by 
PX-brush 6, P TFR is impulsed to 
suspend all punching. The read con- 
trol pickup is impulsed (and neither 
theX nor N hubs are jackplugged) to 
suspend feeding of the next card in 




Fig. 10-13. Reproducing and gang- 
punching (masters in 
punch unit) (Courtesy of 
International Business 
Machines. ) 



the read unit. The PX impulse is 
also wired to the punch-delay unit 
so that the impulse is available for 
control when the mastercard passes 
the gangpunching brushes. 
5. The reproduced information is com- 
pared by wiring to the comparing 
unit from the comparing brushes and 
the gangpunching brushes. After the 
new master card passes the punch 
station, feeding is resumed in the 
read unit. Because no card passes 
the comparing brushes when the 
master card passes the gangpunching 
brushes, comparing must be sus- 
pended to prevent the machine from 
signaling an error when the master 
card is read. Cards are compared 
only when an NX card is read, by 
wiring from punch delay to compar- 
ing pickup. 

GANGPUNCH MASTERS INTERSPERSED 
IN THE READ UNIT 

Whenever a new master card passes the 
reproducing brushes with the gangpunch 
masters interspersed in the read unit, it is 
reproduced into the card passing the punch 
station. This card becomes the setup card 
for gangpunching into the next group of de- 
tail cards. The reproduction of the master 
card is compared in this operation, and the 
gangpunching is compared in a later opera- 
tion. For gangpunch comparing purposes 
the master X must be reproduced. 

The wiring to gangpunch masters inter- 
spersed in the read unit can be seen in Fig. 
10-14: 

1. Because the units are used together, 
REP is jackplugged. 

2. The X 7 master cards in the read 
unit are sensed by RX-brush 4. This 
is wired to pick up punch transfer. 

3. When punch transfer is receptive, 
the gangpunch master information is 
reproduced from the master card by 
wiring from reproducing brushes to 
punch transfer. 

4. For detail cards, the punch normal 
hubs are receptive, and gangpunch- 
ing is therefore wired from the gang- 
punching brushes to punch normal. 
Column 7 is wired through a column 
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Fig. 10-14. Reproducing and gangpimching (masters in read unit) 
(Courtesy of International Business Machines. ) 



5. 



6. 



split to prevent gangpunching the 
master X in the detail cards. 
Other information can be reproduced 
during either of these cycles (master 
or detail); therefore, the field is 
wired to the punch direct entries. 
Reproduced fields are compared in 
the normal manner. 
The gangpunch master information 
is compared on the cycle through 
the use of a selector after it is re- 
produced. The selector is trans- 
ferred through the read delay unit 
as the master source card passes 
the comparing brushes and the re- 
produced master card passes the 
gangpunching brushes. 



END PRINTING 

The print unit consists of eight print 
wheels, each of which contains the digits 



to 9 and a blank position. The unit is used 
for printing as many as eight digits in a line 
on the face of the column 1 end of a card fed 
through the punch unit. Some of the appli- 
cations that would use this feature are the 
preparation of time cards, inventory tub 
file cards, or job lot cost accounting cards. 
The information can be read from the card 
itself (interpreting), or it can be read from 
an emitter or from a card in the read unit 
at the comparing brushes (transcribing). 
Information can be printed on either of 
two lines of the card (Fig. 10-15). The top 
of the first line is 5/16 in. from the end of 
the card, and the top of the second line is 
5/8 in. from the end of the card. Printing 
on two lines requires two runs of the cards 
through the machine. The printing line is 
selected by latching the printing unit in one 
of three notches in the rail on which the unit 
slides. The middle notch causes printing 
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Fig. 10-15. End printing (Courtesy of 
International Business 
Machines. ) 

on the first line; the notch furthest from 
the operator causes printing on the second 
line; the notch nearest the operator disen- 
gages the unit. The print unit should be 



disengaged when not in use to prevent un- 
necessary wear on the moving parts. 

PRINT UNIT 

If the print unit cannot be readily en- 
gaged, these steps should be taken: 

1. Draw the unit toward the front of 
the machine. 

2. Turn the knurled knob on the left 
side of the unit until the letter D on 
the index wheel is in line with the 
arrow scribed on the unit (Fig. 
10-16). 

3. Hold the wheel in this position and 
slide the unit toward the rear of the 
machine, stopping at the notch de- 
sired. 




Fig. 10-16. Print unit (left side) 

(Courtesy of International 
Business Machines.) 

If the unit is engaged in one of the print- 
ing notches, and if the control-panel entry 
hubs are wired to a source of information, 
all cards are printed. If desired, printing 
can be controlled to print only X cards or 
only NX cards. 

A zero wired to the right of a significant 
digit is always printed, even if blank posi- 
tions intervene; a zero to the left of the 
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first significant digit is not printed. Blank 
columns and positions not wired are not 
printed. 

In Fig. 10-17 X detail cards in the punch 
unit are to be end printed during a gang- 
punching operation. The same X is used 
for both print control and gangpunch con- 
trol, but two different X' s could be used if 
desired. 

PRINT: C-D, 35-42 

These eight pairs of hubs are entries to 
the eight print wheels; the 1 hubs are the 
entry to the left (high order) print wheel; 
the 2 hubs to the wheel that is second from 
the left, etc. ; and the 8 hubs to the right 
(units position) print wheel. If all cards 
are to be printed, only the N hubs of the 
print control unit must be wired. 

PR CTL (PRINT CONTROL): E-G, 1-2 

When the print hubs are wired, all cards 
are printed if only the N hubs are wired. 
This feature also permits the printing of 
only one type of card, X or NX. 

The PU (pickup) hubs are wired from an 
X-brush that is set to read the identifying X 
in the card. Then, if the X hubs are jack- 
plugged, only NX cards are printed. If the 
pickup hubs are wired and neither the X nor 
N hubs are jackplugged, no cards are printed. 
This control has a built-in delay unit to com- 



pensate for the difference in time when the 
PU is impulsed from an X-brush and the 
card is printed at the print unit. 

An example of the following wiring is 
shown in Fig. 10-17. 

1. Print hubs are wired from the gang- 
punching and interpreting brushes, 
because it is desired to print infor- 
mation punched in the card itself. 
(To print information from a card in 
the read unit, the print hubs would 
be wired from the comparing and 
transcribing brushes. ) 

2. The PX-brush that reads the identi- 
fying X is wired to print control pick- 
up. Then, depending on the wiring 
of the X or N hubs, printing takes 
place or is suspended when the source 
card reaches the printing station. 

3. The PRINT CONTROL X hubs are 
wired to cause the printing of all X 
cards. If the NX cards were to be 
printed, the jackplug would be re- 
moved from the PRINT CONTROL X 
hubs and placed in the N hubs. 

4. Because the information being 
printed is also being punched and 
punching is controlled for inter- 
spersed master cards, punch trans- 
fer must be used for entry to the 
punch magnets. The PX-brush is 
wired to P TFR from the common 
hubs of PR CTL PU. K the punch- 
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Fig. 10-17. End printing and interspersed-master-card-gangpunching 
(Courtesy of International Business Machines. ) 
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direct method were used for gang- 
punch control, back circuits through 
the punch magnets might cause er- 
roneous punching or printing. 

PROBLEM 5: Draw a wiring diagram to 
perform reproducing, gangpunching, and 
end printing. 

1. Reproduce columns 8 to 22 into col- 
umns 8 to 22, column 30 into col- 
umn 30, columns 35 to 37 into col- 
umns 35 to 37, columns 41 to 43 into 
columns 41 to 43, and columns 65 
to 69 into columns 65 to 69. Use the 
punch-direct method. 

2. Compare the information that has 
been reproduced. Use comparing 
entry positions 8-22, 30, 35-37, 
41-43, and 65-69. 

3. Gangpunch columns 23 to 28 into 
columns 23 to 28. Use the punch- 
direct method. 

4. Compare the gangpunched informa- 
tion in comparing entry positions 
23-28. 

5. Interpret columns 65 to 69 in the 
five high-order print positions for 
all cards. 

PROBLEM 6: Draw a wiring diagram to 
perform offset gangpunching with end 
printing. 

1. Gangpunch from columns 14 to 18 
into columns 31 to 35,. Use the 
punch-transfer method. 

2. PX-brush 1 is wired to P DIR PU to 
suspend punching for X masters. 

3. Gangpunch selective information 
from columns 31 to 35 into columns 
31 to 35 for detail cards only. Use 
the punch-normal method. 

4. Interpret the information in columns 
31 to 35 in print positions 4-8 for 
all cards. 

Now that you have finished this section 
you have learned that the 519 performs all 
of the functions of a reproducer plus the 
very Important function of end printing. 
End printing is an essential part of any sys- 
tem that uses the punched card as a source 
document and where a visual control num- 
ber can add to the efficiency of a system. 



Questions on the IBM 519 Document-Origi- 
nating Machine 

Multiple choice 

1. In a gangpunching operation, one pass 
of the cards will 

a. not allow punching of all informa- 
tion into the detail cards 

b. allow only one field of Information 
to be punched 

c. allow all information to be punched 

d. allow only 60 columns of informa- 
tion to be punched 

2. During a gangpunching operation, the 
machine stops. The cause could be 

a. a card jam 

b. a misfeed 

c. empty hopper(s) or full stacker(s) 

d. any of the above 



Gangpunching from a single 
card is verified by 



master 



a. running the master card and the 
detail cards through the IBM 56 
Card Verifier 

b. sight checking the mastercard and 
the last detail card 

c. using a special control panel 

d. running the cards through the punch 
unit again 

To load cards in the machine for a 
gangpunching operation: 

a. place the master card in front of 
the detail cards, and place the deck 
into the punch-unit hopper 

b. place the detail cards in front of 
the master card, and place the 
deck into the punch-unit hopper 

c. place the master card in front of 
the detail cards, and place the deck 
Into the read-unit hopper 

d. place the detail cards in front of 
the master card, and place the 
deck into the read unit hopper 



The diagram in Fig. plO-1 shows wir- 
ing to gangpunch 

a. columns 11 to 16 of the detail cards 
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Fig. plO-1. (Courtesy of International Business Machines. ) 



into columns 11 to 16 of the master 
cards 

b. columns 11 to 16 of the master 
cards into columns 11 to 16 of the 
detail cards 

c. columns 5 to 10 of the master cards 
into columns 5 to 10 of the detail 
cards 

d. columns 5 to 10 of the detail cards 
into columns 5 to 10 of the master 
cards 

6. What does the diagram in Fig. plO-2 
show? 

a. Card columns 1 to 14 of the mas- 
ter card will be gangjjunched into 
columns 58 to 71 of the detail cards. 

b. Card columns 1 to 14 of the detail 



card will be gangpunched into col- 
umns 58 to 71 of the mastercards. 

c. Incorrect gangpunching wiring. 

d. Card columns 58 to 71 of the mas- 
ter card will be gangpunched into 
columns 1 to 14 of the detail cards. 

7. During reproducing and comparing, as- 
sume that an error has been indicated. 
The specific location of the error is in- 
dicated by 

a. the error reset light 

b. the comparing-unit indicator 

c. the restoring lever on the compar- 
ing-unit indicator 

d. the COMP light 

8. The Comparing Indicator always shows 
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Fig. plO-2. (Courtesy of International Business Machines.) 



a. the card column in which the punch- 
ing is incorrect. 

b. the number of the comparing mag- 
nets that do not match. 

c. the punch brush that read the error. 

d. the punch that punched the error. 

9. To load cards in the machine for a re- 
producing operation 

a. place the source deck in front of 
the new deck, and place both decks 
into the punch-unit hopper. 

b. place the new deck in front of the 
source deck, and place both decks 
into the read-unit hopper. 

c. place the source deck in the read- 
unit hopper and the new deck in the 
punch-unit hopper. 



d. place the new deck in the read-unit 
hopper and the source deck in the 
punch-unit hopper. 

10. Reproducing is verified by 

a. sight checking the first source card 
and the last new card. 

b. automatically comparing the newly 
punched card at the comparing and 
transcribing brushes with its 
source card at the gangpunching 
and interpreting brushes. 

c. placing the new deck into the read- 
unit hopper, the source deck into 
the punch-unit hopper, and run- 
ning the decks through the machine 
again. 

d. automatically comparing the 
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punched new card at the gangpimch- 
ing and interpreting brushes with 
its source card at the comparing 
and transcribing brushes. 

11. The wiring in Fig. plO-3 will 

a. suspend comparison when an X 
master card is detected. 

b. suspend punching when an X mas- 
ter card is detected. 

c. continue punching when an X mas- 
ter card is detected. 

d. none of the above. 
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Fig. plO-3. (Courtesy of 

International Business 
Machines. ) 

12. The wiring in Fig. plO-4 will 

a. suspend comparii^ when an X mas- 
ter card is detected. 

b. suspend punching when an X mas- 
ter card is detected. 

c. continue punching when an X mas- 
ter card is detected. 

d. none of the above. 

13. In Fig. plO-5 compare on card field 
25-30; suspend comparison whenever 
an X master card is detected by the 
RX-Brushes. This wiring is 
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(Courtesy of 
International Business 
Machines. ) 



a. correct. 

b. incorrect, because the wrong punch 
magnets are used. 

c. incorrect, because the wrong com- 
paring magnets are used. 

d. incorrect, but not for any of the 
reasons stated. 

14. A control X punch is: 

a. an 11 punch not meant as one of 
the punches in an alphabetic char- 
acter. 

b. an 11 punch in the X column. 

c. a 12 punch not meant as one of the 
punches in analphabetic character. 

d. a punch not meant as one of the 
punches in an alphabetic character. 



15. 



A control X punch is often put into an 
unused card field, but it can be put into 
a field with: 

a. alphabetic data. 

b. numeric data. 

c. alphameric data. 

d. special characters. 



16. For both field and class selection, veri- 
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Fig. plO-5. (Courtesy of International Business Machines. ) 



fication is done by 

a. sight checking the first and last 
cards. 

b. manual comparing. 

c. automatic comparing. 

d. sight checking the first two cards. 

17. The wiring diagram in Fig. plO-6 shows 

a. the detection of an X punch by 
Read X-brush 2 will activate se- 
lector 2 one cycle after activating 
selector 1. 

b. the detection of an X punch by 
Read X-brush 2 will activate se- 
lector 1 one cycle after activating 
selector 2. 

c. the detection of an NX condition by 
the R Del hub will activate selec- 



tor 2. 

d. only selector 1 will be activated. 

18. The print unit can print information 

a. punched in the same card. 

b. punched in another card. 

c. not contained in any card. 

d. from any of the above sources. 

19. The print unit can print information 

a. on the column 1 end of the card. 

b. in any of eight print positions. 

c. on one of two lines, as cards pass 
once through the machine. 

d. any of the above. 

20. The wiring in the above diagram in 
Fig. plO-7 will cause 
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( Courtesy of 
International Business 
Machines. ) 



c. 
d. 



printing of "1264" in print posi- 
tions 1 to 4. 

printing of alphabetic information 
punched in columns 35 to 38 of 
each card, 

printing of X cards only, 
printing of "5678" in positions 
5-8. 



21. According to the diagram in Fig. plO-7, 
the wiring that determines which card 
will be printed is 



a. 
b. 
c. 
d. 



1 and 2. 

4. 

none of the above. 
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Fig. plO-7. (Courtesy of International Business Machines.) 



GLOSSARY 



Accumulating - Adding or subtracting in a 
counter to obtain a total. 

Alphabetic character - Any of the 26 letters 
of the alphabet, A to Z, are represented 
by a combination of a zone punch (12, 11, 
or 0) and a digit punch (1 to 9) in the 
same card column. 

Alteration switch (Set-up change switch) - 
A toggle switch mounted on the machine 
to change control-panel wiring so that a 
single panel can perform different op- 
erations. 

Block sorting - Separating large decks into 
meaningful blocks and then sorting each 
block independently in order to allow for 
overlap of machine processing. 

Brush - Anelectrical conductor for reading 
information from a punched card. Norm- 
ally, each brush has a corresponding hub 
on the control panel. 

Bus hubs - Hubs that are internally connec- 
ted. They are used to obtain more than 
one impulse from an exit hub. 

Cable - A group of wires bound together and 
used to connect machine units (for ex- 
ample, summary-punch cables). 

Card-to-card comparing - Comparison of 
control information when printing from 
a master card to detail cards. 



Card column - One of the eighty vertical di- 
visions of a card, normally accommo- 
dating one letter, digit, or special char- 
acter. Each column contains twelve 
punching positions. 

Card feed - The path of the card from the 
hopper to the stacker. 

Carriage - A device on the accounting ma- 
chine for controlled feeding of continu- 
ous forms. 

Carriage tape - A 12-channel paper band 
punched with holes to stop skipping of 
forms at a predetermined printing posi- 
tion. 

Chute blades - Metal strips that guide a 
card along the card path to the selected 
pocket. 

Collating - Arranging two files of cards in- 
to a single file according to a predeter- 
mined pattern. 

Column indicator - The pointer showing the 
column to be punched or read in the key 
punch or verifier. 

Common hubs - Hubs that are internally 
connected. Therefore, any impulse ac- 
cepted by one hub is available from the 
other hubs. 

Comparing - Examination of fields (usually 
in two cards) for equality of data punched. 
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Control panel - The removable device which 
contains external wiring which causes 
data to be processed in the desired fash- 



ion. 



Control punch - A punched hole (usually the 
11 punch) for controlling machine op- 
erations. 

Corner cut - A diagonal cut at the corner of 
a card as one means of visual identifi- 
cation. 

Coupling-exit impulse - Impulse available 
from the 1 pickup of a pilot selector if 
the X or D pickup of that selector has 
been impulsed. It is used to pick up a 
coselector. The coselector will trans- 
fer at the same time and for the same 
duration as the pilot selector. 

Crossfooting - Accumulating numbers in 
different fields in the same card. 

Cycle - A complete series of operations at 
the end of which the entire series can be 
repeated. 

Deck - A set of cards used to perform a 
particular operation. 

Detail card - A term applied to a punch 
card to distinguish it from a master card. 

Detail printing (Listing) - Printing informa- 
tion from each card passing through the 
machine. 

Digit - Any of the ten digits to 9 are rep- 
resented by a punch in the corresponding 
row. 

Digit punch - Punches in the 0, 1, 2, 3, 4, 
5, 6, 7, 8, or 9 positions of a card col- 
umn, used to code the corresponding 
digit or used in combination with a zone 
punch (12, 11, or 0) to code alphabetic 
or special characters. 

Digit row - The 0, 1, 2, 3, 4, 5, 6, 7, 8, 
or 9 row. 

Ejection - Movement of a card from the 
card bed to a stacker. 



Emitting - Originating digits, letters, and 
special characters electrically within 
the machine rather than from a punched 
card. 

End printing - Prints as many as eight digits 
in a line on the face of the column 1 end 
of a card fed through the punch unit of 
the 519 Document- Originating Machine. 

Entry hub - A hub that accepts an impulse 
from a wire. 



Exit hub 
wire. 



A hub that emits an impulse to a 



Field - A column or group of consecutive 
columns in a card allocated for punch- 
ing specific information. 

Finder card - A card containing a control 
field whose number is used to locate 
cards in a file that has equal, lower, or 
higher fields. 

Form stop - A device for sensing when the 
last continuous form feeds in an account- 
ing machine. 

Gangpunching - Punching information read 
from a master card into the succeeding 
detail cards. Each card then serves as 
the mastercard for the succeeding card. 

Group printing (tabulating) - Printing group 
totals and group indication as cards pass 
through an accounting machine. 

Grouping - The arranging together of data 
of the same classification. 

Hammerlock levers - Two levers for each 
printing position in the 402 that can pre- 
vent printing in that position. Printing 
regulated by one of the levers is gov- 
erned by control-panel wiring. 

Hammersplits - A lever for each printing 
position in a 402 that can be raised to 
prevent printing zeros to the right of 
that position. 



GLOSSARY 



203 



Heading cards - Cards punched with signi- 
ficant information used to print headings 
on forms such as invoices or checks. 



High order 
field. 



The left, or high position of a 



Hopper - The receptacle for holding cards 
to be fed into a machine. 

Interpreting - Printing on a card the data 
that is punched in it. 

Interspersed master gangpunching - Gang- 
punching with more than one master 
card. 

Interspersed X-finder cards - Finder cards, 
each containing a unique control field, 
positioned throughout a file of cards. As 
each X-finder card is read, its control 
field is used to search the following cards 
until the next X-finder card. 

Lacing - Extra multiple punching in a card 
column, giving the appearance of lace- 
work. 

Line finder - The scribed mark on the forms 
tractor pressure finders serving as a 
guide for positioning the first printing 
line on a preprinted form. 

Low order - The right, or low position of a 
field. 

Mark sensing -Punching information marked 
on a card with an electrographic pencil. 

Master card - The first card of a group con- 
taining fixed or indicative information for 
that group (for example, gangpunch mas- 
ter card). 

Matching - Checking two files to see if there 
is a corresponding card or group of cards 
in each file. 

Merging - Combining two files, already in 
sequence, into a single file. 

MLP (Multiple-line printing) - Printing 
more than one line from a card passing 
through a 402. 



Needle checking - Verifying that all cards 
in a deck contain the same punch in a 
given column. The needle is pushed 
through the punched hole and stops at a 
card containing a different punch. 

Overpunch - Punch (usually control punch) 
over the significant digit in a column. 

Pockets - Receptacles (stackers) for re- 
ceiving cards from the card feed in a 
multiple-stacker machine (for example, 
sorter or collator). 

Presensing -Similar to X-brushes. On the 
557 Interpreter it permits the selectors 
to be used for selection. 

Program card - A card, punched with spe- 
cific coding, placed around a program 
drum to control automatic operations in 
a card punch or verifier. 

Program drum - The card-controlled mech- 
anism on a key punch or verifier for con- 
trolling such automatic operations as 
skipping and duplicating. 

Punch station - The position in the card 
feed where punching occurs. 

Punching position - One of the twelve divi- 
sions of a card column into which a hole 
may be punched. 

Reading - Converting punched holes into 
electrical impulses. 

Read station - The position in the card feed 
where reading occurs. 

Repeat print - Information punched in a 
master card may be read and printed on 
the master card and succeeding details 
under the control of an X or NX condi- 
tion recognized by the presensing station. 

Restore - To clear or return a unit to its 
normal starting position (for example, 
comparing unit or carriage tape). 

Run-out - Moving the last cards in the ma- 
chine to the stacker. 
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Selecting - Removing cards from a file or 
processing cards according to prede- 
termined conditions. 

Selection - The ability of a machine to per- 
form an operation based upon what is 
punched in a card. Almost all IBM ma- 
chines have the ability to select. 

Selective line printing - The 557 will locate 
and post the next available ledger-card 
positing time. 

Sequence checking - Checking cards to en- 
sure that they are all in ascending (or 
descending) order. 

Sight checking - Examining a group of cards 
for identical punching by viewing a light 
source through the punched holes. 

Sorting - Arranging cards in a predeter- 
mined sequence according to the punch- 
ing in the card. 

Source document - The original paper on 
which the details of a transaction are 
recorded. 



Special character - Any of the special char- 
acters such as -, &, *, $, etc. are rep- 
resented by one, two, or three punches 
in the same column. 

Stacker - A receptacle for receiving cards 
through the machine. 

Starwheels - Rotating contact wheels read- 
ing the program card in a key punch or 
verifier. They are lowered by the pro- 
gram-control lever. 



Station - Any position along a card feed 
where a card is processed (for example, 
a reading station or punching station). 

Stripe - A narrow band of a different color 
across a card for identification. 

Summary punching - Punching summary of 
total information in cards automatically 
while printing a report or calculating. 

Tape punch - A device for punching the 12- 
channel carriage tape. 

Typebars - A movable bar containing let- 
ters, digits, and special characters for 
printing. A demountable typebar is one 
that can be readily removed by the op- 
erator and replaced with a different type 
bar. 

Vernier - A device for making fine adjust- 
ments (for example, vertical positioning 
of printing on a form). 

X-brushes - Adjustable reading brushes for 
sensing control punches. 

X-panel - A small panel for connecting the 
X-brushes to the main control panel. 

X-punch - A control punch in the 11 row. 

Zero-carry clips - Clips mounted on ham- 
mersplit levers to force zeros to print 
to the left of a significant digit. 

Zone punches - Punches in the 12, 11, or 
position of a card column, used in com- 
bination with digit punches 1 to 9, to 
code an alphabetic or special character. 

Zone rows - The 12, 11, and rows. 
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Accounting machine, 99-148 

Addition, 107-109 

All cycles hubs, 102 

ALPH (alphabetic shift) key, 8, 102 

Alphabetic sorting, 18 

ALT (alternate) program key, 9 

Asterisk symbol. 111 

Auto Dup key, 9 

Auto Feed key, 9 

Auto Skip switch, 9 

AUX DUP (auxiliary duplication) key, 9 

Basic set-up switches, 85-88 
Blank-column detection, 67 
Blank-column detection control, 67 
Block sorting, 17 
Bus hubs, 22 

Card-to-card comparing, 154, 161-163 

Card codes, 3 

Card count, 133 

Card cycles, 108 

Card-feed stop light, 100 

Card hopper, 6, 100 

Card path, 5 



Carry exit, carry entry, 116-117 

Class selection, 402 Accounting 
Machine, 137 

514 Reproducer, 137 

548 Interpreter, 32 

Collator, 63-90 

Column indicator, 6 

Column selector, 14 

Column splits, 402 Accounting 
Machine, 126 

514 Reproducer, 42 

Common connector, 22 

Common hubs, 22 

Comparing, 519 Reproducer, 
185-186 

557 Interpreter, 162-175 

Comparing indicator, 40 

Comparing magnet, 41 

Comparing unit, 85 Collator, 65 

402 Accounting Machine, 
110 

519 Reproducer, 184 

Control exit hubs, 65 

Control lever, 6 

Control panel, 21, 26 
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Control-panel hubs, 22 

Conversion, 118 

Corner cuts, 2 

Coselectors, 115 

Counter control minus, 114 

Counter control plus, 108 

Counter entry, 108 

Counter exit, 108 

Counter exit suppression, 118 

Counter total, 108 

Coupled counters, 107 

Coupling exit, 115 

CR (credit) symbol exit hubs, 118 

Crossfooting, 132-133 

Cycle-delay selectors, 73 

Detail printing, 102 
alphabetic, 104 

minor, intermediate, and major 
program. 111 

DI (direct impulse) hubs, 68 

Diagramming connections, 23 

Digit emitter, 402 Accounting 
Machine, 123 

Digit selection, 121 

Digit selector, 121 

Direct impulse hubs, 68 

DO (drop out) Hub, 73 

DUPkey, 9 

Electrical impulses, 21 

Emitter, 44 

End printing, 192-195 

Entry hubs, 22 

Exit hubs, 22 

Expanding program exits, 140 

Feed interlock, 144 
FEED key, 9 



Field selection, 402 Accounting 
Machine, 135 

514 Reproducer, 50 

519 Reproducer, 188 

548 Interpreter, 33 

Fields, 3-4 

major and minor, 17 

File search, 76 

Final total, 108 

Final-total key, 100 

Finder cards, 76-78 

Finger lever, 14 

First CD (card) hubs, 127 

Form light, 100 

Functional control switches, 9 

Gangpunch switch, 146 
Gangpunch verification, 43-44 
Gangpunching, 42-43, 46-48, 52-53 
Group indication, 127 
Group printing, 126 

Hammerlock control, 125-126 

Hammerlock hubs, 126 

Hammerlock lever, 125 

Hammersplit levers, 105-106 

Hand-feed wheel, 13 

High-order position, 4 

Hollerith Code, 2 

Hopper stop switch, 148 

Hoppers, primary- and 
secondary-feed, 64 

Hubs, 22 

bus, 22 
common, 22 
control-exit, 65 
control-panel, 22 
CR symbol exit, 118 
DO. 73 
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Hubs entry, 22 
exit, 22 
first CD, 127 
hammerlock, 126 
INLK, 83 
list, 102 
nonprint, 133 
normal alphameric print-entry, 

102 
normal-zone entry, 104-105 
numeric print-entry, 102 
print-entry, 26 
PX, 45 
RD, 48 
restore, 66 
RX, 42 
X -eliminator, 28 

INLK (interlock) hubs, 83 

Interpreters, 548, 25-33 
557, 157-182 

Interspersed-master-gangpunching, 
514 Reproducer, 42,45-46, 
48,52 

519 Reproducer, 184 

Interspersed X-finder cards, 77 

Jack plug, 22 

Key punch, 5-10 
Keyboard, 6 
Keyboard shifts, 6-8 
Keys, 8-9 

Lacing, 46 

Last card auto-total switch, 146 

LC (last card) program start, 
110 

Left- justified field, 4 
Left-zero carry clip, 106 
Light, card-feed stop, 100 
List hubs, 102 
Low-order position, 4 



Major and minor sort, 17 

Mark- sensing brushes, 38 

Master-detail switch, 45, 47 

Matching, 89-90 

Merging, 79-85 

MULT PCH (multiple punch) key, 9 

NB-AC (negative balance all cycles), 141 
Negative-balance control, 117 
Negative-balance-test exit, 117 
Nonprint hubs, 133 
Nonprint run-out button, 144 
Normal alphameric print-entry hubs, 102 
Normal-zone entry hubs, 104-105 
NUM (numeric shift) key, 8 
Numeric print-entry hubs, 102 
Numeric sorting, 15 

Offset gangpunching and verification, 
514 Reproducer, 42, 48, 52-53 

519 Reproducer, 192-193 
Offset reproducing, 514 Reproducer, 39-40 

519 Reproducer, 188-189 
Offset total printing, 124 
One-way wires, 22 
Overpunching, 3 

Pilot selectors, 114-115 
PLUG TO C, 64 
Plug-to-print, 163-164 
Pockets, 68 

Presensing, 154, 158-159 
Primary eject, 83 
Primary-feed hoppers, 64 
Primary read (reading station), 68 
Primary Selector Entry, 65 
Primary-sequence unit, 64 
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Print control, 194 

Print entry, zero selector, 160 

Print-entry hubs, 26 

Print suppression, 154, 158 

Print switch, 9 

Print unit, 402 Accounting Machine 
100 

519 Keproducer, 193 

Printing, detail {see Detail printing) 
group, 113 

offset total, 124 

selective, 124 

total, 129-132, 144 
Program control, 109 

alphabetic field, 113 
Program-control unit, 6 
Program drum, 6 
Program exits, expanding, 140 
Program group, 109 
Program start, 110 
Progressive total printing, 144 
Punch delay, 193 
Punch dies, 39 
Punch direct, 184-185 
Punch normal, 186 
Punch transfer, 186 
Punch X-brushes, 45 
Punching station, 6 
PX (punch X) hubs, 45 

RD (read D) hubs, 48 
Read delay, 188, 190 

Read X-brushes, 44 
Reading stations, 6 
REG (register) key, 9 



Reject pocket, 14 

REL (release) key, 9 

Repeat print, 159 

Reproduce switch, 514 Reproducer, 40, 52 

519 Reproducer, 184 
Reproducer, 514, 37-61 

519, 185-204 
Reproducing, 39-42, 48-52 
Restore hubs, 66 
Restoring lever, 41 
Right-justified field, 4 
Rolling totals, 129 
Run-in-cycles, 68 
RX (read X) hubs, 47 

Secondary-feed hoppers, 64, 68 

Secondary Selector Entry, 65 

SEL REPD (selective reproducing) and 
GP COMP (gangpunching compare) 
switch 48, 54 

Selecting, 72-78 

Selection, 402 Accounting Machine, 135-137 

514 Reproducer, 50-52 

548 Interpreter, 32-33 

Selection switch, 14 

Selective line printing, 154, 168 

Selective printing, 124 

Selective reproducing, 514 Reproducer, 
39, 48-49 

519 Reproducer, 186-188 

Selective stacking, 161-162, 166-188 

Selector unit, 64 

Selectors, 85 Collator, 65 

402 Accounting Machine, 114, 115 
514 Reproducer, 49 
548 Interpreter, 29 
557 Interpreter, 161 
coselectors, 115 
cycle-delay, 73 
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Selectors, pilot, 114-115 
X-selectors, 77 

Sensing unit, 168 

Sequence checking, 68-91 
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